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EDITOR’S PREFACE 


The first English edition of Lunge’s Sulphuric Acid and 
appeared in 1879. Since that date the book has been 
revised and extended in subsequent editions until, with the 
companion volumes on Coal Tar and Ammonia, it extended 
to nine volumes, covering most of the heavy chemical industries 
of Britain. A supplementary volume on Sulphuric and Nitric 
Acids by Dr Lunge in 1917 marked the end of his long labours 
in this field, and he informed the publishers that he could no 
longer undertake the preparation of new editions. The mere 
compilation of the volumes which he wrote would be in itself 
a wonderful achievement, but Dr Lunge’s place in the history 
of chemical industry is due still more to the fact that he 
played a leading part in the discoveries and improvements 
which built up the industries of which he wrote. 

By a curious coincidence, the end of Dr Lunge’s long 
literary labours came just as the processes which he originally 
described died out. The Hargreaves process has gone, in this 
country at least ; the Leblanc process is dying, if not actually 
dead already ; even the chamber process for sulphuric acid 
has now a competitor that threatens to^become a rival 

The volumes written by Dr Lunge have escaped a common 
criticism of factory managers that books give only an outline 
of a manufacturing process ; indeed the only criticism has been 
that Dr Lunge’s books gave almost too much detail It may, 
however, be realised how important is a detail relating to a 
matter involving a possible saving of only one-tenth of one per 
cent, when it is pointed out that this small economy in the 
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manufacture of sulphuric acid would mean a saving of thousands 
of pounds, since the value of the sulphuric acid manufactured 
annually in Great Britain alone amounts to several million 
poutifeds. 

Each new edition of this series has been an expansion 
and extension of that which preceded it, fuller treatment 
being accorded to subsidiary manufactures as they increased 
in commercial importance, until the name Sulphuric Acid 
and Alkali became a cover for what was practically an 
encyclopedia of the heavy chemical industries. 

The last arrangement into volumes and parts was largely 
fortuitous, having arisen from uneven growth of knowledge 
and commercial development in different branches, and as 
this appeared to be a favourable opportunity for instituting 
a new arrangement, it was decided to sub-divide the work 
into sections more in accord with modern developments. The 
last few years have brought with them so many changes in the 
chemical industries that the revision required in most of the 
volumes will involve such drastic recasting that the new edition 
will be more a new book than a revised edition. 

It is doubtful if any one man could take up Dr Lunge’s 
task of describing adequately all the industries now dealt 
with in these volumes, and it is certain that few would care 
to attempt it Each volume will therefore be on a special 
subject and dealt with by a separate author who is rcsjx)n- 
sible for that volume, and is given a wide di.scrction in his 
treatment of the subject. 

The editor trusts that these united efforts will produce a 
new edition worthy of the great tradition which Dr Lunge has 
established. 

The editor will be plea.scd to consider for publication in 
this series any manuscripts or original work on this or allied 
subjects. A. C. C. 


Liverpool. 
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There is nothing to be gained in the long run, and there is 
much that may be lost, by distinguishing too sharply between 
the technical and scientific aspects of a chemical process of 
manufacture. I have tried to treat the subject in such a way 
that the distinction is marked as little as possible, and that 
neither side suffers at the expense of the other. 

The technical aspect is the more difficult of the two to 
deal with, for the Contact Process is only now emerging from 
the secrecy which has so long obscured much of its actual 
operation. The lines along which development will move may 
now be discerned. I hope this book will escape the reproach 
that has often met publications on this subject — that no plant 
or process was ever described until it had proved ineffective 
or had fallen out of date — but until a Process has reached 
finality, there must always be certain variations which remain 
known only to a few. 

In regard to the scientific aspect, secrecy is not so great a 
hindrance. To the technologist who deals with acids the data 
on which the Process is based are probably of more use 
than descriptions of plant and methods which he may already 
know quite well enough. Considerable pains have been taken, 
therefore, to make these data complete and accurate, and to 
pass them, together with any significant theories to which they 
give rise, under critical review. 

Forming as it undoubtedly does one of the most clearly- 
marked sequences of operation in chemical engineering, the 

Contact Process lends itself well to the discussion, from a point 
u 
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of view which may be technical and scientific at once, of each 
operation separately. Descriptions of plants as a whole have 
been deferred until this treatment is complete. In dealing 
with routine calculations full use has been made of nomc^raphic 
charts, nearly all of which have been devised specially for the 
subject in hand. 

I am greatly indebted to Mr W. Rintoul, O.B.E., F.I.C, for 
his interest and encouragement during the publication; to 
Dr J. W. M ‘David, Chief Superintendent of the Acids Depart* 
ment at Ardeer, for reading the proofs and giving much helpful 
advice; to Mr H. R. Neech, F.I.C., for contributing useful 
information, and to many others who in lesser degree have 
done the same. Acknowledgments are due to the Department 
of Scientific and Industrial Research and to Mr W. Macnab, 
C.B.E., F.I.C., for permitting the reproduction (from Technical 
Record of Explosives Supply, No. 5) of the folding plates of 
the Grillo and Mannheim plant.s. 


F. D. MILES. 



CONTENTS 

CHAPTER I 

THE HISTORY OF THE MANUFACTURE OF FUMING 
SULPHURIC ACID 

Historicid Sketch of the Development of the Contact Process 

First Period, — Peregrine Phillips* patent. Discovery of other 
contact reactions. Attempts to exploit Phillips* invention. 

Second Period, — Further experiments on catalysis. W6hler and 
Mahla*s work. Deacon. 

Third Period, — WinklcPs ideas. The stoichiometric gas- 
mixture and the sulphuric acid-decomposition process. Squire 
and MessePs work. Efforts to use the decomposition process to 
meet the growing demand for oleum, and causes of their failure. 
Reasons of early failure of the Contact Process in general Practice 
at the Miildener works. Persistence of Winkler's ideas. Later 
experiments with burner-gas. 

Last Period, — Knietsch*s lecture of 1901. Work of the 
Badische, The Mannheim Patents. Origin of the Grillo process. 
The Tentelew process. Development in Great Britain and the 
United States ........ 


The Nordhausen a$ui Similar Processes 

Origin of the Nordhausen process. Weathering of the pyritic 
slate. Distillation of the ** vitriolstone.** Working-up the residual 
ferric oxide. Attempts to improve the process. Other processes 
utilising sulphates ....... 

xi 


PAOB 




23-^7 



xU CONTENTS 

CHAPTER II 

THE PROPERTIES AND ANALYSIS OF SULPHUR 
TRIOXIDE AND OLEUM 

Sulphur Trioxide and Related Compounds 

Sulphur trioxide. Formation. Preparation. Physical proper- 
ties. The o and /3 modifications. Thermal data. The trioxide. 
Other varieties. Chemical reactions. 

Chlorsulphonic acid. Pyrosulphuric acid. The pyrosulphates. 

Oleum 

Composition tables. Physical properties. Action on metals. 
Analysis. Sampling. Estimation of total acidity. Estimation of 
free anhydride by thermal and other methods. Estimation of 
arsenic ......... 


CHAPTER III 

GAS-EQUILIBRIUM AND VELOCITY OF REACTION 

Characteristics of the sulphur dioxide-oxygen reaction. General 
function of the catalyst. Nature of the equilibrium. Effect of 
varying pressure, temperature, and concentration. The equilibrium 
constants. Calculation of attainable yields for various gas-mixtures. 
Effect of varying the oxygen percentage. Effect of diluent gases. 

Velocity of reaction. Knietsch's curves. Catalytic activity of 
platinum. Work of Bodenstein and Fink. 

Determination of the equilibrium constants. Knietsch, 
Bodlander and Koppen, Knietsch ( 2 nd series), Bodenstein and 
Pohl. Experimental methods. Results and their utilisation. 
Comparison of available data. 

The effect of ultra-violet light on the reaction. The photo- 
stationary state ....... 


CHAPTER IV 

CATALYSIS AND CONTACT-MASS 
Part \. --Catalysts and their Action 

Phenomena and theories of catalysis. The Intermediate Com- 
pound and Adsorption Theories. Influence of physical condition 
of the catalyst. Effect of water vapour. 

Poisoning of catalysts. Maxted's work. 

Ferric oxide. The equilibrium above this substance. Calcula- 
tion of the maximum yield. Effect of arsenic. Attempts to improve 
ferric oxide contact-mass. 

Vanadium compounds. Other catalysts .... 


PAQX 


28-74 


75-103 


104-12$ 



CONTENTS 


xHi 


Part tl.—TAe Preparation and Treatment ^ Contact-Mass 

PAOl 

The catalytic capacity of platinum in several types of plant. 
Catalyst-carriers. Varieties and properties of asbestos. Proper- 
ties of magnesium sulphate. Testing the sulphate before use. 

Production of Grillo contact-mass. Calcination. Platinisation. 

The Combination Process. Preliminary treatment of mass in the 
converter. Revivification and reworking of mass. Recovery of 
magnesium sulphate and of platinum. Purification of recovered 
platinum. 

The preparation of Mannheim contact mats. Preliminary 
treatment of mats. 

The laboratory testing of contact-mass . . . .126-152 


CHAPTER V 

CONVKRTERS AND CONVERSION SYSTEMS 

Possible effect of the heat of reaction and necessity of control. 
Converters without internal regeneration. Simple Grillo con- 
verters. 

Converters with internal regeneration. Badische, Tentelew. 

Grillo. Advantages of sectional control. Other proposals. 

Conversion in multiple converters in series. 

Preheaters. Heat-exchangers. Heat-exchange data. Con- 
ditions for regenerative operation. 

Estimation of percentage conversion. The Reich test. 
Calculation of results. Graphical methods. The method of 
oxygen estimation. 

Thermal data in regard to conversion and preheating . . 153- 195 


CHAPTER VI 

GAS-PURIFICATION 

Catalyst poisons. The Badische experiments. Compounds of 
arsenic. Arsen ious hydride. Special methods of arsenic removal 
Elimination of arsenic from contact-mass in situ. Selenium and 
tellurium. Hydrochloric acid. 

Sulphuric acid mist Physical properties. Other “ chemical ” 
mists. Strength and amount of sulphuric acid deposited in 
purification system. 

Dust chambers. Electrical precipiution of dust Service des 
Ftmderes experiments. 



CONTENTS 


liv 


PAOI 

Cooling the burner-gas. Gas-coolers. Cooling by contact with 
acid or water. 

Filtration. Filtering materials. Construction and arrangement 
of filters. 

Scrubbing. Liquids used. Scrubbing in packed towers ; in 
gas- washers. 

Gas-drying. Calculation of acid requirement. 

Special means of purification. Electrical precipitation of 
sulphuric acid mist. Other modifications of the purification 
process. Data in connection with purification . . . 196-247 


CHAPTER VII 

THE ABSORPTION OF SULPHUR TRIOXIDE 

The phenomena of absorption. Influence of concentration of 
the acid. Influence of temperature. Theory of absorption. 

SackuFs idea. Dependence of absorption on vapour pressure 
of oleum. 

Calculation of heat of mixture of oleum and acid. Calculation 
of heat of absorption of gaseous trioxide. 

Surface absorbers. Bubbling absorbers. Absorption in packed 
towers. Arrangement of absorbers. The application of vapour 
pressure data to design and control. 

Water feed. Making 98 per cent. acid. Circulation pumps. 
Converter-gas coolers ....... 248-288 


CHAPTER VIII 

GRILLO PLANTS 

General remarks. Patent list. 

The Grillo plants of the Department of Explosives Supply. 

Function of the oleum plant in an explosives works. Construction 
and arrangement of the plant. Operation. Results of experimental 
work. Data. Efficiency. 

The United States Government Plant, Nitro, West Virginia. 

The plant at the United States Naval Proving Ground, 

Indian Head. 

Grillo plants burning pyrites. Simon-Carv(^s plants in England 
and France. The plant of the British Dyestuffs Corporation at 
Dalton ......... 289-347 



CONTENTS 


XV 


CHAPTER IX 

THE TENTELEW PROCESS 

PAOB 

Development of the Tentelew Process. Patent list Com- 
parison with other processes. 

Tentelew Plant (A) of modern type. Construction and 
arrangement, operation and control, data and efficiency. 

Tentelew Plant (B) of older type. Construction, operation, 
data, and efficiency ....... 348-379 


CHAPTER X 

THE MANNHEIM PROCESS 

Development of the Process. Mannheim plants without 
“platinum” contacts. 

The Kynoch Mannheim Plant. Construction and arrangement. 
Operation and contiol. Data. Efficiency .... 380*410 

Index of Names 411-414 

Index of Subjects ...... 415-427 




THE 

MANUFACTURE OF SULPHURIC ACID 

(CONTACT PROCESS) 


CHAPTER I 

TIIK HISTORY OR THE MANUFACTURE OF FUMING 
SULITIURIC ACID 

IIlSTORICAT SKET(TI OF THE DEVELOPMENT OF THE 
CONTA(T PR(KESS 

The Contact Process for manufficturing sulphuric acid is one of 
the foremost achievements of technical chemists. Originating 
in the discovery of Peregrine Phillips, a vinegar manufacturer 
of Bristol, in 1831, this application of a simple reaction between 
two gases has passed through many stages, in which, at different 
times, hope, doubt, confusion, and at last the satisfaction of 
success have filled the minds and influenced the energies of 
three generations of workers. To recount this development is 
to demonstrate in a most striking way that the progress of 
technology has often been independent of advances in pure 
science, and has owed little to them. The worker in technical 
science acquires knowledge, mainly by experience, to serve 
certain definite ends ; the purely scientific investigator seeks 
knowledge for its own sake. It is therefore unlikely that 
phenomena which interest the one will interest the other at 
the same time. Hardly any chemical reaction between gases 
has been of greater interest from the purely chemical point 
of view— as an example of the principles involved in all gas- 
reactions, or as a starting point for investigations in the 
mysterious field of catalysis. Such opportunities as these 

A 
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have not been altogether lost ; from a scientific point of view 
the reaction is now well known, and practice is the richer 
for being given many and various data; yet it is fair to 
say that the application of the newer principles of chemistry 
was never made when it was most required, and that even 
now there are many aspects of the reaction and properties of 
the substances involved, which have been only incompletely 
examined. 

For many years the discovery of the mechanism of gas- 
reactions, and the achievements in the technical production 
and use of gases, were fields of knowledge separate from each 
other. But in the end the barriers dividing knowledge are 
broken down, and we may hope to have, in regard to the 
Contact Process in both technical and scientific aspects, a body 
of information which, from every point of view, is equal to that 
applying to any other chemical change. 

In his specification. No. 6096 of 1831, for “certain improve- 
ments in manufacturing sulphuric acid, commonly called oil of 
vitriol,*’ Peregrine Phillips describes the method of manufacture 
in use in his day. Sulphur and saltpetre, either mixed together 
in large leaden chambers, or separately in ovens, were burnt 
with the production of sulphur dioxide and nitrous acid. The 
sulphur dioxide was then converted gradually into sulphuric 
acid “ by the agency of nitrous gas united with oxygen from the 
atmospheric air in the chamber, or from that liberated from the 
saltpetre.” To continue in his own words : “ The first improve- 
ment then, which I propose to effect is, an instantaneous union 
of the sulphurous acid gas with the oxygen of the atmosphere, 
and thereby to save the constant expense of saltpetre, and also 
the great outlay of capital in the chambers by the gradual 
conversion of the sulphurous acid into the sulphuric acid.” 
This was to be done by “drawing the gases” in proper pro- 
portions by the “action of an air-pump, or by other mechanical 
means through an ignited tube or tubes of platina, porcelain, or 
any other material not acted on when heated by the sulphurous 
acid gas. In the said tube or tubes I place platina wire or 
platina in a finely divided state, and I heat them to a strong 
yellow heat, by preference in the chamber of a reverberatory 
furnace ; and I do affirm that sulphurous acid gas being made 
to pass with a sufficient supply of air through tubes as 
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described, properly heated and managed, will be instantly 
converted into sulphuric acid gas, which will be rapidly 
absorbed as soon as it comes into contact with water. . . . The 
relative proportions of sulphurous acid gas and air are regulated 
by the size and working of the air-pump, which must pump at 
least eighty-five cubic feet of air for each pound of sulphur 
consumed.” 

The expression “ strong yellow heat ” is interesting. Phillips' 
second improvement was to consist in the absorption of the 
“ sulphuric acid gas ” in a tower 8 ft. wide by 30 ft. high — a 
prototype of the modern absorption tower. It was to be packed 
with pebbles nearly to the top, and on the surface of the packing 
was to be placed a perforated lead plate. A leaden pump was 
to maintain acid or water in circulation over this tower. No 
hint is given that the absorption in water might give trouble, 
or fail altogether. 

This patent clearly describes the fundamental feature of the 
Contact Process as it is now known. The furthest advances 
which have been made in practical experience or in scientific 
knowledge, although they have changed and elaborated the 
process in many ways, have not changed it beyond the limits 
of this early conception. To Peregrine Phillips, of whom no 
other record appears in the history of either academic or 
technical .science, belongs the credit of making the original 
scientific discovery, and of realising its possible commercial 
value. 

The first observation of a “contact” reaction seems to 
have been made by Davy in 1817. Heated platinum wire 
introduced into a mixture of oxygen or air with hydrogen, 
carbon monoxide, ethylene, or cyanogen becomes hotter and 
finally glows, the gaseous mixture being rapidly burnt 
Edmund Davy, in 1820, found that platinum black was very 
active in this way. In 1822 Dobereiner found that the residue 
produced by igniting ammonium-platinichloride caused the 
combustion of the alcohol with which it was moistened, and 
in 1823 that a current of hydrogen in air can be ignited by 
the contact action of this kind of platinum. The union of 
sulphur dioxide and oxygen was therefore of comparatively 
late discovery. 

Almost immediately after the publication of Phillips' patent, 



4 HISTORY OF THE MANUFACTURE OF FUMING ACID 


two German scientists repeated his experiments. Magnus^ 
observed that a mixture of two volumes of sulphur dioxide and 
one of oxygen is gradually condensed to sulphuric acid, in the 
presence of water, but much more quickly in the presence of 
heated platinum, particularly of the spongy variety. Magnus 
also observed the formation of a little trioxide on passing the 
mixed gases through a tube containing broken glass, at a dull 
red heat. At the same time Dobereiner stated that he had 
succeeded in condensing a similar mixture to fuming sulphuric 
acid, by “ hygroscopically moist** platinum black. 

There is no doubt that from 1831 onwards the possibilities 
of Phillips* patent were borne in mind by many chemists, and 
that, at frequent intervals, attempts were made to place the 
process on a technical basis, mainly with the intention of 
manufacturing the comparatively dilute acid already made in 
lead chambers. But more than forty years were to elapse 
before even an erroneous idea of the chemical principles 
involved was conceived, and after that innumerable difficulties 
connected with the employment of technical raw materials had 
to be faced and overcome by long and painstaking investigation. 

Platinised asbestos was mentioned by Jullion for the first 
time in 1846 (B. P, 11425). He employed “asbestos covered 
or coated with platinum or other catalytic or contact sub- 
stances** heated from 20 to 480'’ C., for various catalytic 
reactions. Among these were the oxidation of nitrogen oxides 
to nitric acid and the production of chlorine from hydrochloric 
acid. Although Jullion proposed to make sulphuric acid by 
oxidising sulphurous acid with chlorine, the contact process in 
its simple form was not among his proposals. 

In 1847 it was reported that Schneider — a Belgian chemist — 
had carried out successful work on the manufacture of sulphuric 
acid and its concentration to 66 " Be. without lead chambers and 
without platinum, by a contact process. Descriptions of the 
process and drawings of the apparatus were published.^ This 
excited great interest, and Schneider demonstrated his process 
to a number of persons, and later to a committee appointed to 
investigate it by the Academie des Sciences. Dumas, Pelouze, 
and Payen were members of the committee. Their report 

‘ ^ nn,y 1832, 24 , 610. 

2 DingLpolyLj., 66 , 395 ; 69 , 354. 
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(written by Payen) states that the process had been demon- 
strated by means of a model — that in fact sulphuric acid 
had been made without nitric acid or a nitrate, with a yield 
approximating that of the usual manufacture. The contact 
material was pumice, but the method of preparing it was not 
revealed even to the committee. It was never known whether, 
as seems most likely, the pumice was platinised. The com- 
mittee in reporting that they had seen Schneider make a full 
day’s run with his apparatus and produce acid without using 
nitre, made the very natural remark that since they were 
unable to learn in what way the catalytic power had been 
imparted to the pumice, their finding in this respect must be 
limited to repeating Schneider’s assertion that the treatment 
was by no means costly. This supposed invention received 
great publicity at the time but was not followed up. The most 
probable supposition is that Schneider was endeavouring to re- 
exploit Phillips’ discovery of sixteen years before. 

In 1835 Clement Desormes, writing to Schneider, expresses 
the prevailing hope of the time : “ 1 am convinced that, in at 
most ten years, it will be possible to make sulphuric acid on the 
large scale from its constituents without lead chambers, nitric 
acid, or nitrates.” The hope seemed justified ; nothing but 
actual experience could reveal the manifold difficulties which 
lay ahead ; the dawn of physical chemistry had not begun ; the 
necessary knowledge of the mechanism of gas-reactions had 
still to be gathered. 

As Kniet.sch has suggested, it is convenient to regard this 
as the first period in the development. It began with Phillips’ 
invention and lasted just so long as attempts were made to 
exploit it, without adding anything to the knowledge of the 
contact reaction. Many other similar chemical changes had 
been discovered by Dulong, Thenard, Dumas, and others, and 
the idea had gained ground that the substances capable of 
“ contact ” action owed these properties to their porosity. The 
gases were condensed within the pores, and, occupying a very 
much diminished volume, the molecules were supposed to be 
much more nearly in contact, so that they could react more easily 
upon each other. In 1835 Berzelius classed these “contact” 
reactions with many others which had been observed in the 
domain of organic chemistry, e.g, the conversion of starch into 
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sugar, and with others such as the decomposition of hydrogen 
peroxide by various substances. Each of the reactions of this 
class occurs at the instance of a substance which itself appears 
to remain unchanged. Berzelius called these changes catalyses^ 
and attributed them to a “ catalytic force ” which could not be 
very clearly defined. 

The second period in the History of the Contact Process 
saw but little progress. The aim remained the same — the 
replacement of lead chambers by simpler apparatus. Such 
advance as was made consisted in the recognition that many 
substances other than platinum were capable of functioning 
as contact materials. Laming, in 1848 (B. P. 12264), made 
a ‘‘catalytic porous body” by boiling pumice-stone in con- 
centrated sulphuric acid, immersing in water containing a 
little ammonia, drying, and heating to about 300' with i per 
cent, of manganese peroxide. The “sulphureous gas” was to 
be “ mixed with a due proportion of atmospheric air and a 
minute proportion of ammonia gas,” and passed through 
columns of the catalyst, maintained at 300^ The trioxide was 
to be washed out from the columns with water. Much was 
hoped of this but no success resulted. 

Blondeau, in the next year,^ obtained some sulphuric acid by 
passing sulphur dioxide, air, and steam over argillaceous sand. 
He was led to this experiment by noting an ob.scrvation of 
Boussingault’s that sulphuric acid is to be found in some 
African rivers near which the gas from burning sulphur comes 
into contact with sand and schist. The sand used by Blondeau 
probably contained a sufficient amount of ferric oxide. 

A more important contribution to the knowledge of the 
subject was made by Wohler and Mahla in 1852.- They 
discovered that oxide of copper or chromium at a low red heat 
caused formation of thick fumes of sulphur trioxide when the 
constituent gases were passed over it. They confirmed the 
previous reports of the activity of platinum, and showed that 
copper was incapable of action, unless coated with oxide. 
Some experiments seem to have been made in pursuance of 
these discoveries, on a small technical scale, ^ but the results 

' Comptes rend,^ 1849, 29 , 405. 

2 Ann, Chim, Pharm,^ 1852, 81 , 255. 

^ Wagner’s Jahresber,, 1859, 144. 
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were disappointing. Wohler and Mahla gave an explanation 
of the catalytic properties of these oxides, which was deemed 
satisfactory at the time and still possesses value. They demon- 
strated that oxide of iron, or oxide of copper, is capable of 
either reduction or oxidation under the conditions of the 
experiment, depending on trioxide or dioxide being in ex- 
cess. Oxide of chromium is of course not included by this 
statement. They also showed that trioxide could be formed 
from gases which did not contain perceptible moisture. 
Although their work had no immediate result, it may be 
considered as the academic counterpart of the important 
Mannheim patents of more than forty years later. 

Various patents were taken out soon after Wohler and 
Mahla’s work was published. Robb, in 1853 (B. Ps. 731 and 
788), protected the manufacture of sulphuric acid by means 
of pyrites cinders as contact - mass. Thornthwaite, in 1854 
(188, provisional), mentions the oxides of chromium and iron. 
Several oxides were mentioned by Trueman (B. P. 982) in 
1854. Schmersal and Bouck (B. P. 183), in 1855, followed the 
same lines. 

It is interesting to note that Deacon, whose well-known 
process for the manufacture of chlorine was invented about 
this time, protected the use of copper sulphate, among other 
substances, for the manufacture of sulphuric acid. In two 
respects he was far in advance of his time. He noticed that 
the reaction proceeded with more success if the air or oxygen 
were in excess, and that on this account the mass of air 
to be propelled would, in future processes, be greater than 
formerly. We now know, that to have present oxygen in 
excess of the molecular proportion, is one of the essentials 
of success. Deacon also observed that the gases issuing from 
the contact apparatus should not be cooled too suddenly, as 
such treatment made their condensation very difficult. 

Various other patents about this time endeavoured to 
make use of silica. Hunt’s proposal of 1853 (B- ^9^9) 

was apparently tried by Plattner at the Muldener works in 
Freiberg. The actual formation of trioxide must have been too 
small to be of any use. The predominance of British names 
throughout the early history of the process is very notable. 

In this way closes the second period of the historical 
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development No practical success had been attained. Attempts 
had all aimed at replacing the chamber process, mainly with a 
view to saving the cost of nitre. In these days this cost was 
much higher than at present, partly because nitre was itself costly, 
and partly because the recovery apparatus for nitric acid was 
either very crude or entirely lacking. Indeed, if other ends 
had been sought by inventors, and fuming acid had been 
made in any quantity, there would have been no outlet for it, 
because such small quantities as were required in Europe 
and elsewhere were supplied by the Bohemian works distilling 
it from the ferrous sulphate extracted from shale. Just for 
this reason inventors took no special precautions to exclude 
moisture from their catalysts, and indeed they often introduced 
water or steam on purpose. This caused the catalytic action 
to be very slow and imperfect. Nor was it sufficiently known 
at that time, and for many years later, what great importance 
lies in the removal of flue dust and other impurities; and last, 
though not least, the developments of chemical engineering 
were not sufficiently advanced to enable the results gained 
in the laboratory to be transferred to the works as readily 
as is the case at present. We shall not wonder at the length 
of the time required for the full development of Phillips* 
invention, if we consider that its working out was dependent 
on the general progress of chemical technology. 

The first cause of slew development — the want of a market — 
was removed by the synthetic production of alizarine in the 
years 1868 to 1872. Other colouring matters rapidly followed, 
most of which required the preparation of sulphonic acids 
in intermediate stages. The demand for fuming suljfluiric 
acid rapidly rose to such an extent that the Bohemian works, 
founded upon the exploitation of “copperas-slate,” all of wliich 
then belonged to the firm of J. D. Starck, could hardly satisfy 
it, and the greatly enhanced price made this situation even 
more unbearable to the dye-manufacturers. Many chemists 
at that period turned their attention to the production of 
fuming sulphuric acid in other places and by other methods, 
either by carrying out the Bohemian process with some more 
suitable material than the Pilsen slates, or by applying one 
or more of the contact processes invented from the time of 
Phillips onwards. 
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The third period may be taken to have begun in 1875, 
with the publication of a paper by Clemens Winkler, professor 
in the School of Mining at Freiberg.^ This paper is one of 
the two which have the greatest interest in regard to the 
history of the subject, and marked the beginning of most 
important developments. Winkler*s experiments we now know 
to have been faulty. His conclusions contradicted the principles 
of mass action, but they were hailed with delight as an explana- 
tion of many previous failures and as an indication of the 
way to success. “The publication of Winkler’s paper acted 
upon the industrial world like a sorcerer’s wand upon pent-up 
spirits. The fatal spell resting upon the syntheses of sulphur 
trioxide seemed to be broken.” 

After dealing with the imperfections of the Bohemian 
Process and the attempts to make it more useful by reconvert- 
ing the ferric oxide into sulphate with ordinary (“ English ”) 
sulphuric acid, Winkler turned to discussion of the results 
previously obtained by contact action. Platinised asbestos is 
recommended in preference to platinised pumice or porcelain. 
In his experiments the gases were mixed and passed in a 
fairly rapid stream over platinised asbestos contaiiiing 8 5 per 
cent, of platinum, and maintained at a gentle glow. The gas 
mixture after conversion was absorbed in water and in sodium 
carbonate solution, and the conversion was deduced from the 
results of the analyses of the solutions. A mixture of pure 
dioxide and pure oxygen yielded 73- 3 per cent, conversion, one 
of air and oxygen only 47 4 per cent., and the gas obtained 
by burning sulphur in air and containing 4 to 5 per cent, of 
dioxide, gave a yield of only 1 1-5 per cent. No indication was 
given of the ratio in which the two gases were mixed in the 
first two experiments. / 

Winkler then concluded : “ From this it is apparent that 
the action of platinised asbestos and of all other contact sub- 
stances is diminished in the same measure as the dilution of 
the sulphur dioxide by other indifferent gases is increased. 
Even sulphur dioxide and oxygen will naturally remain 
indifferent and act as diluents in so far as they are present in 
other than the stoichiometric ratio necessary for acid formation, 
that is, in so far as one gas or another is in excess.” 

^ DingL polyt 1875, 218 , 128. also 1877, 228 , 409. 

B 
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To obtain the gases mixed in the required stoichiometric 
ratio, Winkler proposed to make use of the well-known decom- 
position undergone by sulphuric acid when heated. Sulphur 
dioxide and oxygen are formed, together with water which 
can readily be condensed, and the dry gases remaining can be 
passed over platinised asbestos at a low red-heat. He described, 
in the paper quoted, laboratory experiments in which about 
78 per cent, of the acid used was decomposed, and about 
74 per cent, of the products reunited by catalysis, and on this 
basis proposed that the manufacture should be carried out on 
a large scale. Such a yield would not now be considered 
satisfactory, but it should be borne in mind that the object in 
view — at that date — was not the production of ordinary, but of 
fuming acid, and that this commodity had risen enormously in 
price on account of the new demand for dye-production, while 
the world’s supply was in the hands of a single firm. 

The results obtained by Winkler in his experiments with 
the several gas mixtures are oppo.sed to all experience, and it 
is difficult to imagine how he could have obtained them, or 
having obtained them, fail to find out from experience that 
they were wrong. This difficulty is increased by the absence 
of any statements of the compositions of his mixtures. His 
conclusions were contradicted by the Law of Mass Action, 
but this principle, enunciated in 1867 by Guldberg and Waage 
had, in 1875, received little attention from chemists in general, 
and was by no means widely accepted as a valid instrument of 
reasoning. Winkler’s sophistries influenced general opinion 
for many years, and regret has often been expressed, for 
instance, by Ostwald in 1902, that so much time and trouble 
had been wasted.^ Any chemist acquainted with Guldberg 
and Waage’s Law, Ostwald states, could have shown the 
fallacy of the reasoning by pointing to the equation of the 
reaction. But for many years Winkler’s results were quoted 
without criticism by all classes of chemists ; the help which 
might have been given to generally received knowledge from 
the more modern principles of chemistry, failed altogether. 

Nevertheless it seems reasonable to doubt whether much 
harm was done to the development of the process in a practical 
sense by this course of error, for no one whose interest in 
^ Z, Elektrochem.t 1902, 8> 1S4. 
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the matter was keen enough to make him repeat Winkler’s 
experiments, or make others like them, can have failed to 
perceive their fallacy as Winkler himself very soon perceived 
it. Later, when he and others had turned their attention 
from the decomposition process to the more economical 
utilisation of the weaker gases from roasting-furnaces, the old 
statements were allowed to stand, forming, very probably, a 
useful distraction to general attention. 

Winkler’s process had a very considerable vogue, and a 
number of factories sprang up to exploit it. Great efforts 
were directed to overcoming the enormous difficulties of 
constructing plant in which sulphuric acid could be decomposed. 
The corrosive action is intense, and much pains and labour 
went to prove the impracticability of this operation alone. It 
has been pointed out that Winkler’s omission to secure patents 
for his process in Germany reacted injuriously on investigation, 
for the protection of the process would have caused chemists 
to seek other fields, instead of confining themselves to this 
one, in which their efforts were foredoomed to failure. 

Almost on the same day that Winkler sent in his manuscript, 
an application for a British patent was lodged by W. S. Squire 
(B. P. 3278 of 1 8th September 1875). The process was very 
similar to Winkler’s and was the common invention of W. S. 
Squire and Rudolf Messel, but the conclusion that a stoichio- 
metric mixture was advisable was reached by much more valid 
reasoning. The two authors described their process in a 
paper read before the Chemical Society in the following 
year (20th April 1876). No record of this appears in the 
Transactions, but from information supplied by Messel (First 
Edition of this book), the following interesting points may 
be quoted. The invention had been actuated, like Winkler’s, 
by the sudden rise in the price of fuming acid. They im- 
pregnated pumice with a mixture of platinum and ammonium 
chlorides, heated it to redness, and passed a mixture of air and 
dioxide over it. Dense clouds of trioxide were evolved, and 
their condensation was found possible only when the gases 
were originally present in the stoichiometric ratio. In the 
absence of foreign gases the condensation of liquid trioxide was 
“ extremely perfect.” The next step was to produce the gases 
on a commercial scale in the required ratio, and this they did 
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by decomposing sulphuric acid in a platinum still according to 
the well-known experiment of Deville, which Winkler had also 
repeated. The vapours from the still passed through a platinum 
tube maintained at nearly a white heat, and were then passed 
over platinised pumice. From lOO parts of acid nearly 70 parts 
of trioxide were obtained by condensation in Woulffe’s bottles. 
In addition to platinum they also tried Wohler and Mahla’s 
mixture of the oxides of chromium and copper, made into pills 
with asbestos and heated to redness. Idatiniim, however, was 
found to be preferable, and a plant was erected at the Silvertown 
works (now Spencer, Chapman & Messcl) capable of producing 
some tons of trioxide each week. They note that there was a 
loss of activity of the catalyst, due to the accumulation on it of 
such impurities as flue dust, when gases from the furnaces were 
used, and they point out that the method of producing the 
gases from sulphuric acid obviated this difficulty. This is one 
of the first records of loss of catalytic activity, but it is dear 
that “poisoning” in the sense now understood, e.g. by very 
minute amounts of arsenical matter, was not recognised by 
Squire and Mcssel. The fact that the gases employed for 
catalysis by platinum must be most carefully purified from 
arsenic and other deleterious substances was not fully recognised 
until many years after, when the patents taken out by the 
Badische Anilin utul Soda Fabrik revealed the great attention 
which the inventors had paid to these impurities. 

It has already been pointed out that although the process 
devised by Squire and Messel received patent protection in 
England, Winkler in Germany made no application for pro- 
tection, so that in the latter country a considerable number of 
factories began the manufacture of fuming acid. The first acid 
made by the contact process on a commercial scale was that 
produced at the Kreuznach works by ICmil Jacob, who at first 
decomposed ordinary acid by heating, but at a later date 
employed the gases generated by burning sulphur. In 1880 
the price of fuming acid supplied from Kreuznach to the 
Hochst works was about o 31 mark per kilo. It contained 
about 43 per cent, of free trioxide. Jacob sold his process 
shortly after to the Hochst works of Meister, Lucius, and 
Bruning. This firm has made fuming acid on a considerable 
scale ever since that time. 
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About the same time the Thann Chemical Works in Alsace 
made a contract with Chapman, Messel & Co. of Silvertown, 
for the purchase of Squire and Messel’s patent of 1875; but 
while the preliminary investigations in regard to the establish- 
ment of the process were still proceeding, the Thann works 
acquired from Squire, who had no longer any connection with 
the Silvertown firm, a very much improved process. After 
trial experiments in 1879, this was found to give very 
satisfactory results. Silician sulphur was burnt in the usual 
manner, and tl\e gases were treated with water in a column 
apparatus under a pressure of 4 atmospheres. The sulphur 
dioxide was expelled b\' steam from the solution thus obtained, 
mixed with the theoretical quantity of air and passed over 
heated platinised asbestos. The trioxide formed was absorbed 
in towers by concentrated sulphuric acid, and fuming acid of 
40 per cent, was thus obtained. The exit-gases, still containing 
dioxide, were jiassed back into the process. The daily make 
was 30 cwt. of trioxide, and the yield 90 per cent, of the 
theoretical. At the beginning of 1881 this process was in 
regular working order at Thann, and it was subsequently also 
introduced at Ludwigshafen. 

Winkler’s process was also introduced in the Miildencr 
smelting works at Freiberg in 1876, but before the erection of 
a large plant was commenced, on the lines of the experiments 
which had been made in these works, the Imperial Mining 
Office received a report from Winkler claiming that ‘‘the 
undersigned has succeeded in achieving a result regarded as 
impossible according to former experiments, viz., the production 
of sulphuric anh}'dride from a mixture of sulphur dioxide 
and atmospheric air.” ^ Production on these lines was therefore 
undertaken at Freiberg, and attained some success on a large 
scale about December 1879. There were thus many com- 
petitors to the firm of Starck, who manufactured fuming acid 
by the Nordhausen process. This firm accordingly entered into 
combination with the manufacturers at Mannheim, Kreuznach, 
Hbchst, and Thann, and the price of fuming acid was maintained 
at a high figure, until the Badischc Company came into the 
market with such large quantities that the combine dissolved. 

* Document unpublished until communicated by Winkler himself to 
Lunge (see previous edition of this book). 
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The plants devised to obtain sulphur dioxide from sulphuric 
acid had naturally a very short life. It was proposed at one 
time to employ plumbago retorts. Some factories seem to 
have employed platinum vessels, as mentioned in Squire and 
Messers patent, but the action of very hot sulphuric acid on 
platinum is of course by no means negligible, and has been 
shown to depend to some extent on the nitrous and arsenious 
content of the acid.^ The apparatus employed by Majcrt 
at Schlebusch, near Cologne, consisted of upright retorts made 
of a mixture of three parts of burnt fireclay and one part 

of Belgian clay, glazed with a mass which, at the highest 

temperature of the process, was pasty enough to fill up any 
cracks (see also Fr. P. 122 130 of 1878). The retorts were 
perpendicular, entirely surrounded by the fire, and closed 
at top and bottom by ‘'hydraulic’’ joints filled with molten 
glass. The acid flowed into the first retort through a platinum 
tube, so as not to touch the sides of the retort. It was 
evaporated within an inner cylinder, partly decomposed 
there and in the annular space between the cylinder and 
the retort, and completely in the second retort. The gases 
were conveyed from the first to the second retort by a twice- 
bent tube, which passed through the bottoms of both retorts, 

with a horizontal part which was surrounded by the flame of 

the fireplace. The gases passed away from the top of the 
second retort into a condenser for liquefying most of the 
water, then into a drying-tower, and at last into the catalytic 
apparatus for uniting sulphur dioxide and oxygen, consisting of 
cast-iron retorts filled with wire-gauze shelves, upon which the 
platinised asbestos was spread. According to Squire’s patent 
of 1878 (Ger. P. 4285), strong sulphuric acid is introduced into 
a red-hot tower packed with hollow bricks. 

The difficulties of such processes as these can be readily 
imagined, and after a few years the decomposition of sulphuric 
acid as a source of sulphur dioxide was generally abandoned 
owing to the extremely rapid disintegration of the plant. This 
tendency was manifest in the experiments made on many 
sides to utilise pyrites, or failing this, sulphur. 

Nevertheless, the idea that the gases should be brought 
to the catalytic reaction in quantities represented by the 
* Wagner's 1877, 238. 
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equation of their combination still held ground, and for many 
years efforts were directed to finding more economical means 
of producing a gas mixture of this composition. Schroder 
and Hanisch, for instance, in 1887, proposed to replace the 
oxygen by air, and in order to compensate for the diluting 
effect of the nitrogen worked at a higher pressure than atmo- 
spheric ‘‘ in order to bring the gas molecules closer together.” 
Their patent (B. P. 9188 of 1887) states that a mixture of 
25 per cent, of dioxide and 75 per cent, of air is to be made by 
means of a pump which automatically delivers the gases in the 
required volumes and compresses them to 2 to 3 atmospheres. 
This process appears to have had a certain practical vogue. 
Messel (B. P. 186 of 1878) recommended burning sulphur in 
pure oxygen obtained by electrolysis of water. 

The third period of the historical development was thus 
concerned almost entirely with the application of Winkler’s 
ideas. The decomposition of sulphuric acid was rapidly given 
up, but the idea persisted that excess of oxygen or any 
amount of nitrogen was fatal to success. Other peculiarities 
mark the efforts of this period. In every case the catalytic 
apparatus was externally heated ; the thermal quality of the 
reaction had not been realised, and no stress seems to have 
been laid on temperature as a factor in conversion. Since 
no accurate pyrometers were available this is perhaps not 
surprising, and the discovery that for successful combination 
the heat of reaction must actually be removed lay far from 
the minds of inventors. Purification was little thought of ; 
attempts to use the gases from ore-burning kilns were being 
made but were still in their infancy, and the experience required 
for the realisation of the facts concerned in this and other 
problems of the process was only to be gathered through the 
long series of experiments which were begun in all the large 
German works as soon as the manufacture of fuming acid 
by such processes began. None of the results were revealed 
until Knictsch, in his epoch-making lecture to the German 
Chemical Society in 1901, removed part of the veil which had 
concealed the long and careful plant-investigations of the 
Badische Company for many years. With Knietsch’s lecture 
the fourth and last period may be said to have begun, and 
full success to have been attained. 
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An excellent instance of the uncertainty which surrounded 
the conclusions drawn from experiments in this third period is 
to be found in the relation of the experience of those responsible 
for carr>'ing out the process in the Miildcner smelting works at 
Freiberg. It has already been mentioned that these works, at 
Winkler’s instigation, began the manufacture of fuming acid 
from pyrites burner-gases in 1879. During the first ten years 
of working the degree of combination was imperfect. The 
dioxide percentage of the kiln gases — originally 7 to 7-5 per 
cent. — was diminished only to about 4 per cent, by the catalyst, 
corresponding to a conversion of 45 per cent. This did not, 
as a matter of fact, seriously affect the prospects of the process, 
as the gases were afterwards delivered to vitriol-chambers. 
But it was noticed that the gas containing 4 per cent, of 
dioxide, if returned to the catalyst, could be reduced in dioxide 
content to o*2 per cent., so that in all 95 per cent, conversion 
was reached by these means. In 1889 it was noticed that 
85 to 90 per cent, conversion could be secured by one passage 
through the catalyst if the percentage of oxygen materially 
exceeded that of the sulphur dioxide, and after that only 
gases containing 6 per cent, of dioxide were employed. It has 
been pointed out by Ilaber^ that the temperature at which a 
45 per cent, conversion would be obtained from a 7 5 per cent, 
gas, even allowing that the oxygen present was 3-75 f^cr cent. 
— the minimum possible — must have been about 640^ \Vc 
know now that a catalyst so hot as this is incapable of giving 
a satisfactory yield with any usual gas-mixture. Further, the 
increase in conversion which was observed when the poorer 
gases containing only 4 per cent, of dioxide were returned to 
the catalyst is quite inexplicable on the basis of the increased 
oxygen content, and must be referred to the diminution in the 
heat of reaction, which would allow of the catalyst being cooler 
and therefore capable of better conversion. Similarly, the 

substitution of 6 per cent for 7 5 per cent, gases even 

allowing for a very considerable increase in oxygen content — is 
quite insufficient to raise conversion from 45 to 85 per cent; 
and the reason for this more probably lies in the cooling effect 
of the dilution, diluted gases abstracting more of the heat of 
the reaction from the catalytic mass. 

‘ Thermodynamics of Technical Gas-Reactionsy 1908, 199. 
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It is evident in many ways that even when the elementary 
principles of mass action began to be understood, the thermal 
effects which complicate the reaction were lost sight of. 

In concluding this account of the advances made before the 
Contact Process became really fruitful, it is interesting to note 
the part played by Clemens Winkler was a varied one. His 
arguments of 1873 — that the gases should be present in 
molecular proportions — continued for twenty years or more to 
be accepted by all but a few who had found out that they 
were wrong. Among these was Winkler himself. In 1879 he 
had allied himself with the Freiberg works in the experiments 
on pyrites burner - gas. The Rhenafiia works at Stolberg 
followed the same lines, and in co-operation with him attained 
results which his first pronouncement stated to be impossible. 
Nothing more, however, was heard of Winkler. His recantation 
would, in all probability, have stimulated the growing industry 
even more than his earlier theories had undoubtedly done. 
No one discovered that Winkler himself had been the first to 
abandon these theories until 1900, when, in a lecture delivered 
in Hanover, he gave some account of the work carried out at 
Freiberg at his instigation.^ 

In 1901 Knietsch delivered his famous lecture before the 
German Chemical Society,*-^ and described some of the work 
which had been carried out in the laboratories and in the plant 
of the Badisclie Company. This paper, in spite of defects 
and notwithstanding its many omissions, is still the most 
important ever written on the scientific and technical aspects of 
the oxidation of sulphur dioxide. Not only had Knietsch and 
his collaborators examined the behaviour of platinum and other 
catalysts under various conditions of temperature and rate of 
flow of the gas, and supplied much needed information about 
the physical properties of fuming acid and sulphur trioxide, and 
their action on iron and steel ; they had also found solutions of 
all the technical problems which had made difficult the use of 
pyrites burner-gases, abandoned the theory of Winkler, arrived 
at the unexpected conclusion that contact vessels require cool- 
ing and not heating, and had, in general, rendered the contact 
process so successful that it could henceforward not only 

* if. an ^ w , Chem .^ 1900, 7 38. 

• 1901, 84 , 4069-41 15. 
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produce fuming acid cheaply, but actually compete with the 
chamber process for the manufacture of ordinary concentrated 
sulphuric acid. 

The Badische Company originally procured its fuming acid 
from the firm of Starck, as did all other colour factories. The 
decomposition process of 1875 was investigated but found to 
be unsatisfactory, and experiments with burner gases from 
pyrites kilns were begun in 1881. For a time the process of 
Schroder and Hanisch — which has already been noted — was 
tried, but the experiments with burner gas were continued 
without interruption. 

The first employment of burner gases gave very unsatis- 
factory results, and there seemed at first but little hope of 
success along this line. After a time the contact-mass lost its 
activity, even though the gases had been passed through various 
stages of purification — cooled in long pipes, washed with acid, 
and filtered through coke and asbestos. Further experiment 
revealed that minute amounts of certain substances deleterious 
to the contact - mass were carried through to the contact 
chambers by the sulphuric acid fog, which is always formed 
when sulphureous matter is burnt in moist air. Arsenic was 
found to be the most harmful of these impurities. In this way 
the fact was established that the problem of gas-purification was 
the most difficult of the problems which had to be solved. To 
this day gas-purification is the stage of the process which falls 
furthest from perfection, gives most trouble, and is the weakest 
point of many well-known types of contact plant. 

Nevertheless, to use the words of Knietsch, the investigators 
of the Badische had succeeded in charting accurately the rocks 
on which so many of their forerunners had been wrecked. 
Experiment after experiment was made, at an enormous cost 
of time, labour, and patience, and even after the introduction of 
the complete process on a large scale, some years passed before 
the freedom of the gases from impurities could be assured. The 
final result (Ger. P. 1 13933 of 1898) was that every perceptible 
trace of impurity could be removed if, as the last stage of 
the purification, the gases were submitted to continuous and 
systematic washing with water or dilute acid. Even after 
this other irregularities appeared, and the origin of each had 
laboriously to be found and a method devised for removing it. 
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The other results and data reported by Knietsch, both 
scientific and technical, will be referred to in the sequel, as 
opportunity arises. 

The annual production of sulphuric anhydride at the 
Ludwigshafen works of the Badische^ during the years when 
these important investigations were in progress, has been given 
by Knietsch: In 1888, 18,500 tons; 1894, 39,000 tons; 1899, 
89,600 tons; and in 1900, 116,000 tons. At the present time 
the needs of the German dye manufacture are supplied entirely 
by contact plants, the chambers which formerly existed having 
been pulled down. 

The patents of the Verein Chemischer Fahriken in Mannheim 
were taken out in 1898 and 1899. The Mannheim process 
introduced a new principle into the manufacture, viz.: The 
conversion of sulphur dioxide in two stages, first by ferric oxide 
and then by platinum in another contact space. Purification of 
the gases before coming into contact with the platinum was 
effected by filtration through porous, granular, or fibrous 
substances. A special form of kiln for burning the pyrites was 
devised so that the air used for combustion could be dried 
before use. The conditions under which ferric oxide functions 
as a catalyst were found by many observers to be quite different 
from those holding in the case of platinum, and this catalyst 
possesses a literature almost entirely its own. 

The years 1898 to 1902 were indeed the most prolific in the 
history of this branch of acid manufacture. The patents taken 
out by Schroder and Grillo {Aktiengesellschaft fur Zinkindustrie 
vormals W. Grillo) date also from this period. The Schroder- 
Grillo process was originally devised to find an outlet for 
the supplies of liquid sulphur dioxide (produced from the 
roasting of zinc ores), which the Grillo firm found difficult to 
sell. The guiding idea was that the previous ill success of 
similar processes had been due to defective contact between the 
gases and the catalyst. Such a defect, if it existed, would be 
likely to occur in an accentuated form when such rich gases 
were used as the Grillo firm wished to employ. The reaction 
space was therefore filled as completely as possible and the 
contact-mass was very tightly packed. On a bottom of fine stone 
material a dense plug of platinised asbestos (8 to 10 per cent, 
platinum) was placed and firmly compressed by means of a 
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metal disc. In order to prevent the formation of continuous 
channels another layer of stone was put in, and again a 
firm asbestos plug about 3 in. thick. Fifteen such layers 
were placed in each pipe. The resistance of these converters 
was very high, and the gas mixture, consisting of 25 per cent, 
of dioxide and 75 per cent, of air, was forced through by a 
cylindrical air compressor (B. P. 9188 of 1887). The degree of 
conversion was said to be relatively high, about 95 per cent. 

This process was worked out on an experimental plant 
at Hamborn, and in 1887 was transferred to the Badische 
Company, who worked it for some years with inconclusive 
results. The Badische, however, had found, in their experiments 
with pyrites burner-gases, more profitable fields, and the Grille 
process in its original form was therefore abandoned. In 1897 
the agreement between the two firms came to an end, and the ^ 
Hamborn experiments were recommenced, in order to deal 
with the roasting gases from the blende furnaces. For these 
diluted gases a less resistant contact-mass had to be found, and 
it was desired to apply the platinum in such a way that the 
contact-mass could be regenerated after it had failed in activity 
on account of “poisoning.’' This eventuality is always to be 
feared in connection with blende roasting — a process from which 
several deleterious substances, including silicon-fluoride, are 
known to be evolved. These considerations led to the abandon- 
ment of the usual substrata for the platinum and the substitution 
of soluble metallic sulphates (B. P. 25158 of 1898). Magnesium 
sulphate was found to possess exceptional advantages in this 
connection, and is indeed, to-day, one of the best known bases 
of contact-mass. When regeneration is required the mass can, 
in the last resort, be dissolved in water, and the finely divided 
platinum recovered. In addition to various patents relative to 
the methods of mass-regeneration, the Grillo firm devi.sed an 
improved form of converter (B. P. 17034 of 1900), in which, 
by means of perforated metallic diaphragms, the mass was 
distributed in several layers through which the gases passed 
successively. In this way the contact between gas and solid 
was improved, and the development of the heat of reaction 
made more even. The Grillo converter of the present day 
still conforms to the original idea of 1900. 

In the beginning of 1902 ten factories were working the 
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Grille process — four of these being in Germany — and twelve 
more factories were in course of erection. This process has 
been very generally adopted in many countries. The Grille 
converter, and certain other sections of the plant have received 
sustained elaboration in the United States. Grillo plants of 
very large capacity (in addition to Mannheim units erected as 
a temporary measure to secure almost immediate production) 
were erected on several sites in this country during the War, by 
the Department of Explosives Supply. 

The Tentelew process came to maturity a few years later 
than those which have already been mentioned. The patents 
covering the various stages of the process were taken out in the 
names of Eschcllman, Harmuth, and the Tentelew Chemical 
Company of St Petersburg, in the years 1902 to 1909. Until 
1886 all the fuming sulphuric acid consumed in the manu- 
facture of lubricating oils from Russian crude naphtha had been 
obtained from the firm of Starck, but in that year the Tentelew 
Company began the experiments which, in 1896, resulted in a 
process which was distinguished by a thorough purification of 
the burner-gas and by the operation of a converter having 
the contact-mass arranged in several sections. In 1901 patents 
were applied for in nearly all countries. The applications were 
contested by the Badisc/ic but the opposition failed. 

The Tentelew patents did not add much which was in 
principle new, but the process had been carefully worked out 
along lines similar to these which already had led to success 
in other countries. It is now a very highly developed and 
successful method of manufacture, and plants are working in 
many parts of the world. At the end of 1911, twenty-four 
sets of plant were said to be in operation. 

In Britain, prior to the War, the Contact Process had reached 
no great production. The Silvertown works of Messrs Spencer, 
Chapman & Messel, at which much of the earlier experimental 
work was carried out, had continued to supply a large part of 
the oleum required for sale, and are in active operation at the 
pre.sent time. There were, in addition, one large Mannheim and 
one Tentelew installation, operated in succession by Messrs 
Nobels, besides several smaller Mannheims, either of the com- 
plete design, or operating ferric oxide contacts in connection 
with chambers. The production was quite insufficient for war 
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purposes, and was augmented by the construction of many 
plants of great size and various designs. 

In the United States all three processes, Grille, Mannheim, 
and Tentelew, have been used, and the first in particular has 
received very full development. The important German 
patents were acquired at an early date by the General 
Chemical Company of New York, which now owns or controls 
all the patents of these three processes, and many others in 
addition. The New Jersey Zinc Company was the owner of 
the Grillo-Schroder patents, but after litigation these also 
passed to the company first mentioned, which issues a licence 
and requires royalties for the installation and operation of all 
contact plants.^ 

The first successful introduction of the Contact Process into 
the United States is said to have been in 1898, when the 
Badische erected an experimental plant in New Jersey. A few 
years later, in 1899, the Mineral Point Zinc Company erected 
a Grille plant to utilise the gas from blende-roasting ; but the 
necessary details were not well worked out and the enterprise 
was a failure. The first plant on the Herreshof system was 
erected by the General Chemical Company in 1900, and the 
contact-mass was in use for ten years without renewal. This 
was the first contact plant in the States to burn arsenical 
pyrites.^ There are now in all forty-eight plants of which the 
General Chemical Company own nine.^ In the hands of this 
firm the Contact Process has attained what is probably its 
most modern development. One of the principal points is the 
employment of duplicate heat-exchangers and converters, with 
the effect of facilitating the regeneration of the heat of reaction, 
and of reducing greatly the necessary amount of platinum. 
They have also introduced what appear to be very considerable 
changes into the purification system, and the new plant at 
Dormagen which embodies all these developments, and also 
the addition of Cottrell dust precipitators, is said to have been 
built from their designs. 

In France the normal production of oleum was very low 
as there were only a few very small plants at Saint Gobain and 

* US, Bureau of Mine 5 ^ Bull, 1920, 184 , 152. 

2 Lunge, Z, angew, Chem.^ 1910, 24 , 721. 

^ U,S, Bureau of Mine Bull, 1920, 184 , 13, 
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elsewhere. During the War a number of pyrites-burning 
Grillo plants were erected by the Paris house of the Simon- 
Carves Company. 

With this summary of the history of the more renowned 
types of plant, the historical survey of the process may fitly be 
brought to a close. Further details are to be found attached 
to the descriptions which are given later of individual plants 
and their operation. Sufficient has already been said to 
indicate the extent to which tbe discovery made by Peregrine 
Phillips, nearly a hundred years ago, has been expanded, and 
to demonstrate, in this case as in many others, that achieve- 
ments of vast importance may have their origin in very 
uncertain and tentative efforts. 

The Nordhausen and Similar Processes. 

Although this treatise deals only with the manufacture of 
fuming sulphuric acid by Contact Processes — no other process 
now being used — the manufacture by some other methods pos- 
sesses a certain historical interest and will be described briefly. 

It is probable that the fuming variety of sulphuric acid was 
the earliest which was produced for sale. Its manufacture in 
Bohemia was of very early origin. During the Thirty Years* 
War the industry was destroyed in Bohemia and was transferred 
to the Harz country. Factories were located at Braunlage 
and Goslar, and the acid was stored in a warehouse at 
Nordhausen, from which this commodity took the name by 
which it was long known. In 1778 the industry was re- 
established in Bohemia, at first on a small scale, but later, in 
1792, the scale of the operations was increased by Johann 
David Starck, who carried out the process with the assistance 
of workmen from the Nordhausen factories. 

The raw material consisted of certain slates which contained 
a considerable amount of pyrites. The presence of iron, and 
alumina in these slates had led to their use, since the sixteenth 
century, for the production of alum, or of copperas and ferric 
sulphate {yitriolstein). It is easy to see how the availability 
of ferric sulphate led to the manufacture of fuming acid. 

The manufacture was carried out in the following way : ^ 

^ Wagner’s Jakresber,^ 1873, 220. 
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The slate, after being broken up, was piled in terrace-shaped 
heaps, space being left for air to circulate through horizontal 
and vertical channels. Arrangements were made for spraying 
water over all the heaps. The pyrites in the slate was oxidised 
during the weathering, so that the liquor obtained by lixivia- 
tion contained ferric sulphate, and a little aluminium sulphate. 
These liquors were evaporated to dryness, at first by sponta- 
neous evaporation in the air, then by boiling-down over a fire 
in brick furnaces, and finally by boiling in cast-iron boilers. 
The product was run from the boilers and allowed to solidify. 
The mass was of a greenish colour and consisted mainly of 



Fig. I. 


ferric sulphate and variable amounts of ferrous, aluminium, 
and magnesium sulphates. From 6 to 20 tons of slate were 
required to make i ton of “vitriol-stone.” The yield of 
“oleum” {oleum vitrioli) was at first 33 per cent.; later on it 
was 40 to 50 per cent. 

The “vitriol-stone” was calcined in four works containing 
120 galley furnaces, which were similar to that shown in Fig. i, 
except that they contained five tiers of retorts instead of two. 
Each furnace contained 306 retorts, to each of which was fitted 
a receiver large enough to contain the product of four or five 
distillations. In every retort was placed a charge of about 
three-quarters of a kilo of the crude “ stone.” The neck of each 
retort fitted into its receiver, and the joint was made tight with 
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clay in such a way that the luting material could not fall into 
the acid. The consumption of retorts at Starck^s works was 
724,000 per annum, in addition to 40,000 receivers. 

From the beginning of the distillation the temperature was 
slowly raised, so that after four hours the bottom tier of retorts 
had only just attained a red heat. During this time the retorts 
were not closed to the atmosphere, and the remaining ferrous 
sulphate was in great part oxidised. As the temperature rose, 
water vapour and sulphur dioxide began to issue from the 
necks and were followed soon after by thick fumes of sulphuric 
anhydride. The receivers were then fitted, each receiver 
having been previously partly filled with either a quarter of a 
kilo of water, or with a corresponding quantity of sulphuric 
acid. The distillation was repeated again and again until the 
liquid in the receivers had risen sufficiently in gravity. When 
acid of 66^ Be. (1-84) had been used as condensing liquid, three 
or four distillations were required to attain the desired con- 
centration of about 65 per cent, of pure trioxide. The workmen 
recognised that a sufficient strength had been reached by 
dipping a wooden splinter into the acid, and noting the speed 
of charring. The acid was stored in bulk and drawn off when 
required from the impurities which had settled to the bottom. 

The ferric oxide remaining in the retorts was known as 
caput itioriuuvi, coIcotJiar^ or English Red, and in Britain as 
Venetian Red. It was sold, after special treatment carried out 
to improve the shade and ensure the necessary fineness, as a 
pigment. This branch of the manufacture was very much 
improved by Starck, so that in 1872 1000 tons were sold in 
nineteen shades and forty-one grades. It was ground under 
mill-stones and calcined with various proportions of common 
salt. Yellow shades were obtained by igniting for an hour 
with 2 per cent, of salt, brown shades by adding 4 per cent, of 
salt, purple shades by igniting for six hours at an increasing 
temperature with 6 per cent, of salt, and so on. 

It is stated that even under the most favourable circum- 
stances 100 parts of ferric sulphate containing 52 to 54 parts of 
anhydride, did not yield more than 36 on distillation. In 1792 
I cwt. of fuming oil of vitriol cost in Bohemia about £$ ; in 
1873 about In 1832 about ickdo tons were produced; in 
1846 about 3000; in 1873, 3360; and in 1884, 4350 tons, 

D 
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It has already been seen that after 1875 the monopoly of the 
Starck firm began to be menaced seriously by various contact 
processes. In 1894 the last galley furnace was closed down at 
Bras, and in 1900 the whole Bohemian manufacture carried out 
on these lines, came to an end. 

The yield from the “Nordhausen” process could never be 
a satisfactory one, for the temperature of dissociation of ferric 
sulphate into oxide of iron and sulphuric anhydride is fairly 
high (although lower than the corresponding temperatures 
for the other common metallic sulphates), so that the anhydride 
when formed was liable to considerable decomposition into 
sulphur dioxide and oxygen — a change which was favoured by 
the presence of the catalysing ferric oxide produced by the 
reaction. The possibility of obtaining sulphuric anh)'dride by 
means of ferric sulphate, indirectly^ will be discussed later. It 
may be noted in passing that, according to the work of 
Keppeler and D’Ans,^ the dissociation pressure of anhydride 
from ferric sulphate at 640" C. is only 1 5 mm. The temperature 
reached must, therefore, have been far higher than this, and 
the amount of decomposition must have been great. It was 
stated, for instance, by Schuberth (Ger. P. 52000 of 1889), that 
in the best cases loss from decomposition into dioxide and 
oxygen amounted to 30 per cent, of the total possible anhydride 
and that, if large retorts were used, no anhydride might be 
produced at all. For this reason the process had always been 
carried out with very small vessels by means of a necessarily 
large amount of skilled labour. 

Many proposals were made to improve the process. 
Schubert, for instance {Joe. eit.), in what was practically a 
scheme for the addition of a contact process, proposed to 
conduct the distillation under a vacuum and to pass the 
gases drawn away from the retorts, after the removal of the 
anhydride, over a contact mass containing platinum. The 
residue in the retorts was to be mixed with oil of vitriol and 
distilled again. This suggestion illustrates a tendency which 
was very manifest at the time — to endeavour to utilise ferric 
sulphate made artificially from its component oxide and acid, 
and thus to evade the natural monopoly of the firm of Starck. 

Processes employing other Sulphates. — Many attempts 
^ Z.physik, Chem.^ 1908, 62, 89. 
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have been made since the early days of chemistry to prepare 
acid containing pure trioxide from sodium bisulphate, with 
more or less success. In a patent taken out by Prelier in 
1847, it was proposed to heat sodium, potassium, or calcium 
sulphate with a sufficient quantity of acid to form bisulphate. 
First of all water distilled over, then sulphuric acid of increasing 
strength, and finally fuming acid. After the distillation the 
residue in the retort could be used again. In another patent 
(Wallace, B. P. 2285 of 1876) sodium bisulphate was to be 
heated in fireclay retorts. The fumes coming over first of all 
were to be condensed separately, and the final distillate 
condensed directly in the jars in which it was to be trans- 
ported. By adding more acid the residue in the retort could 
be used over again, as in the previous proposal. 

It is believed that the bisulphate process was actually in 
operation at the works of G. C. Zimmer, in Mannheim, in 1877, 
and for a number of years after, and that 40 per cent, oleum 
made by it was delivered to the Badisclie works.^ More recent 
patents in connection with the production of pyrosulphates, and 
information bearing on the chemistry of this method of produc- 
ing oleum will be found in Chapter II. 

The addition of magnesium sulphate to the sodium salt was 
said to be an advantage. In a patent taken out by Wolters 
(Ger. P. 31 10 of 1878), it is stated that the liberation of sulphur 
trioxide from sodium or potassium pyrosulphate takes place at 
a lower temperature if magnesium sulphate is added, so that 
the dissociation is less, and the erosion of the containing vessels 
not so great. On the large scale this process does not seem 
to have been successful. Another device for lowering the 
temperature of decomposition of the pyrosulphate, due to the 
same worker (Ger. P. 12295 of 1881), was to heat the bisulphate 
as usual until the water had been expelled, and then to add 
sulphuric acid, free from water, to the residue. A decomposition 
resulted in the sense of the equation — 

Na.,SP7 + HgSO, = 2NaHS0^ + S 03 
and the trioxide could readily be distilled away, the bisulphate 
being treated over again. This process was actually worked at 
Einergraben near Barmen, and at several other factories during 
the years 1884 to 1889. 

' Lunge, Fourth Edition of this work. 



CHAPTER II 


THE rUOPERTIES AND ANAT.VSIS OF SULPHUR TRIOXIDE 
AND OLEUM 

Sulphur Trioxide, SO^ {^Molecular Weight = 8006). 

Sulphur trioxide is said to have been described by Basil 
Valentine towards the end of the fifteenth century under the 
name of “ philosophical salt.” It was obtained by the distilla- 
tion of fuming sulphuric acid by Lennerz in 1675. Scheele and 
Guyton de Morveau both recognised, about 1786, that the 
substance was the anhydride of sulphuric acid. 

Formation , — In addition to the catalytic addition of oxygen 
to sulphur dioxide, which will not be noticed further here, 
the trioxide arises under a variety of conditions. 

(i) By the decomposition of sulphur dioxide under the action 
of light If an intense beam of light be passed through it, 
as in Tyndall’s experiments, the gas becomes cloudy, owing to 
the formation of trioxide.^ 

(ii) By the action of electric sparks. If a spark discharge is 
passed through the dioxide a slow decomposition into trioxide 
and sulphur ensues but does not proceed to completion, for 
the reaction is a balanced one. The decomposition becomes 
complete if water or sulphuric acid is present to absorb the 
trioxide.‘^ 

(iii) Passed through a mixture of two volumes of dioxide 
with one of oxygen, the spark discharge leads to the same 
result — an equilibrium being set up.^ According to Berthelot, 
the compound SgOy is formed in this way if certain conditions 
are secured.'^ It may be noted that the silent electric discharge 

1 Morren, Comptes rend.y 1869, 69 , 397. 

2 Buff and Hofmann, Annaletiy i860, 118 , 129 ; Devi lie, /yw//. Soc, chim,y 
1865 ; [II], 8, 366 ; Berthelot, Comptes rendy 1883, 90 , 298. 

2 Buff and Hofmann, loc, cit. * Berthelot, Comptes rend.y 1878, 80 , 20. 
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also causes the oxidation of the dioxide, but that persulphuric 
anhydride results, and not the trioxide.^ 

(iv) Ozone readily oxidises the dioxide at atmospheric 
temperature, giving sulphuric acid or anhydride in the pre- 
sence or absence, respectively, of water vapour.^ Several 
patents for acid manufacture have been taken out on these 
lines. 

(v) The combustion of sulphur in air or oxygen gives rise 
to a certain amount of trioxide. Ilempel found that in oxygen 
at atmospheric pressure the sulphur converted to trioxide was 
about 2 per cent of the total amount burnt Increase of pres- 
sure raised the proportion, and in oxygen at 50 atmospheres 
pressure, it was 50 per cent.-^ A more recent investigation 
showed that in air the percentage may be as high as 7. Moisture 
has no effect on the reaction, and the higher yield is ascribed to 
the catalytic activity of nitrogen compounds which are pro- 
bably present.^ Norrish and Rideal investigated the reaction 
between sulphur and oxygen by adynamic flow method between 
235° and 385''. They found that the formation of trioxidc 
became appreciable at 305 \ and increased rapidly above this 
temperature.' An explanation of these facts may not be 
evident, but the facts themselves are significant in connection 
with the large-scale combustion of sulphur. 

(vi) About the same proportion (6 to S per cent.) of the 
combined sulphur in illuminating gas is converted into trioxide 
when the gas is burnt.‘' 

(vii) At very high tem()eratures about 1200") sulphur 
dioxide is partially resolved into sulphur and trioxide." At 
this temperature the proportion of trioxide capable of existence 
is small in any case. 

Preparatiou . — Small quantities of sulphur trioxide are best 
prepared by distilling oleum, and condensing the vapour of 
the trioxide in an ice-cooled receiver. The distillate usually 
contains some dioxide as well as other impurities and, if pure 

^ Bcrthelot, loc, cit, - Borchers, Das Ozon, Fonrobert, Stuttgart, 1916. 

^ Bcr .^ 22, 1455. 

* Kastlo and MMlarguc, Aincr. Chem, J.^ n>)7, 88, 465. 

/. Chew, Soc, Trans^ *923, 128, 3202. 

” Dennstedt and Ahrens, Z, anal, Chem,^ 1896, 86, i. 

' Walden and Centnerszwcr, Z, physik, Chefn,y 1902, 42, 432. 
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material is required, must be redistilled once or several times. 
Phosphorus pentoxide may be added before distillation. Very 
pure specimens were prepared by Lichty,^ who distilled them 
repeatedly from phosphorus pentoxide in specially evacuated 
apparatus.^ An investigation of the purified substance has 
also been made recently by Berthoud.^ 

Properties, — Sulphur trioxide exists in two modifications, 
the relation of which is not yet definitely known. The 
first or a-modification boils about 17° and melts about 45^ 
The other (or ^ variety) has no melting-point under atmo- 
spheric pressure. The isomeric relation of these two bodies 
was maintained by Marignac and others in 1853 and onwards, 
but was denied by Weber in 1876, who believed that the 
difference was due to hydration of the second variety, and by 
Rebs in i888.‘^ Oddo claimed to have confirmed the isomerism. 
Lichty^ produced evidence pointing in the same direction, but 
doubt is thrown on it by Berthoud,^ and the exact nature of the 
relation cannot yet be considered to be decided. 

The a-Trioxide, — The crystals formed by the solidification 
of the freshly prepared liquid are long, transparent, rod-like 
needles. The liquid substance is nearly as fluid as water. The 
melting-point is 1688° (Lichty, 16-35'' — Berthoud). The sub- 
stance is susceptible of considerable supercooling. The 
boiling-point is 44-88'' (Lichty, 44-52'' — Berthoud) at 760 0 mm. 
The coefficient of expansion is very large, as can be seen from 
the following values of the density (Lichty) : — 

r = II-8 15 20 25 30 35 40 48 

D = 1-9457 1*9422 1-9229 1-9020 1-8798 1-8569 1-8324 1-7931 

Berthoud made a series of measurements of the vapour tension, 
from which the following are selected : — ^ 

r ... 24 25 33-4 36-6 29-8 42-2 45-4 47.8 

/ (mm. mercury) 240*5 253*5 42i-o 500-0 592 678 793-8 887-2 

f . . .98-2 I34'5 I59-I 179*9 192-6 205-4 216-9 2iS-2 (c) 

(atmospheres) 9*2 18*7 30*4 43*9 55-2 66-9 804 83-8 (/:) 

1 /. Amer. Chem. Soc., 1912, 84, 1440. 2 j Chem, Soc,j 80, 1835. 

3 Helv. Chim. Acta, 1922, 6, 513. 

♦ For references see Gmelin Kraut, 1 [I], 474. ^ loc. cit, ^ loc, cit, 

" Up to 48®,^ is represented by the equation — 

logio/ = - + IO-I7. 
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The last figures given are the critical temperature and 
pressure. For the critical temperature, Schenk^ found 216°. 
The vapour density corresponds to the simple formula SO3. ^ 
Some further information will be found in the account of the 
properties of oleum. The specific heat between 25° and 35° 
was found by Knietsch to be 0-77. Sulphur trioxide is a non- 
conductor of electricity, and according to Walden has no 
ionising power as a solvent. Trouton’s constant has the high 
value of 32-5, and the liquid is highly associated. Between 
29-5° and 78° it is said to be represented by the formula S^^Og. ^ 
Thermal Data , — The thermal constants relating to this 
substance and to its formation are very sparse and uncertain. 
The determinations of the heat of formation by Berthelot ^ and 
Thomsen were of course not obtained by direct measurement, 
but by calorimetric investigation of changes which occur at the 
ordinary pressure and temperature — such as the oxidation of 
aqueous sulphurous acid by chlorine. Much of the uncertainty 
originates in the fact that there is a marked discrepancy 
between the two very carefully executed series of determina- 
tions by these two workers of the heat of formation of sulphur 
dioxide from orthorhombic sulphur. The available results are 
given below in kilocalories per gram-molecule of dioxide : — 


(1) s + o,-- > 

SO. (gas) . 

Bertliclot. 

69-3 

Thomsun. 

71*1 

(2) S + O3 — 

SO3 (gas) . 

91-9 


( 3 ) » 

„ (liquid) 


103.24 

( 4 ) „ 

„ (solid) . 

1037 

... 

( 5 ) „ 

„ (dissolved) . 

141*0 

142*41 


By (“dissolved”) is meant that water was present in very 
great excess. Berthelot’s figures gives 22 6 for the formation 
of gaseous trioxide, but we cannot deduce a corresponding value 
from Thomsen’s results, since the latent heat of vaporisation 
of the trioxide has not been directly determined. We can, 
however, employ the value deduced by Porter® from Knietsch’s 
vapour pressure measurements — 9-6 at 20° — and so obtain from 

^ Annalcn^ IQON 810 , i. 

2 Perman, Proc, Roy, Soc,^ 1890, 48 , 57. 

^ Berthoud, Ann, Chim, Phys.^ 1923, 20, 77. 

‘ Thennoc hemic ^ 2, 91. 

•* Chem, Uniersuchungen^ 2, 254. 

® Trans, Faraday Soc,^ 1917, 18 , 373. 
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this and (i) and (3) above the figure 22-5^ kilocalories. The 
two values agree well in spite of some doubt about both. The 
value 22-6 is taken throughout this book, in reference to constant 
pressure. 

The heat of vaporisation of solid trioxide was given as 
1 1-8 kilocalories by Berthelot.- This is the value involved in 
the left-hand column of figures in the table above. The 
corresponding quantity for the liquid substance is given by 
Porter^ as 9-00 at 90*", 9-36 at 40"", 9-60 at 20°, and 971 at 0°. 
For the range 23" to 44° Berthoud deduces the value 10-30 
from his measurements of the vapour tension of the trioxide. 
Subtracting Porter’s value at iS'" from Berthelot’s figure, we 
obtain 2-20 as the latent heat of fusion. P'or this Porter 
deduces the value 1-84 from Knietsch’s figures for the heat 
of solution of liquid and solid oleum 

For the reaction — SO3 (liquid) -f ILO (liquid) — >11.^504 
(liquid) — Thomsen found a development of 2 13 kilocalories. 
Further data will be found under “Oleum.” 

There is need for more precise knowledge of these thermal 
constants. 

The ^ Trioxide . — If the liquid trioxide is preserved for some 
time at about 25 , or is frequently melted and remelted, bunches 
of fine needles form and grow, so that finally the whole licjuid is 
converted into a white felted silky mass of the /3 modification. 
This does not melt under ordinary pressure, but gradually passes 
into vapour when heated to 50'" or over. The (3 modification 
forms fine, feathery, asbestos-like crystals which are tough and 
in the massive state difficult to divide. Its density at 20' is 
1-97.^ In an evacuated tube it vaporises slowly, although it 
shows at first no considerable vapour pressure. 

The transition of the a to the ft form is assisted by traces of 
water. Although the existence of the two modifications has 
been established, their relation to each other is not yet clear. 


^ It is not certainly known whether licrthclot’s value, at least, applied 
to constant pressure or constant volume, but the possible difference from 
this cause, about 0-3 kilocalorie, is insignificant in view of the much greater 
uncertainty affecting both values. See also IJodenstein and Pohl’s values 
at high temperatures, given in Chapter III. 

2 Comptes rend.., 1880, 90 , 1510. loc. cit, 

** Oddo, Gaz. chim..^ 190b II, *58. 
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Both modifications have the same vapour density. Oddo, by 
cryoscopic determination in phosphorus oxychloride, claimed to 
have proved that the ft variety was S20g, />., was the dimeric 
modification of the other. The later work by Lichty assigns the 
simple formula to both modifications in solution. Oddo claimed 
that the transition from the a to the form was possible in 
the entire absence of water, but doubt has been thrown on 
the truth of this by the more recent work carried out by 
Berthoud.^ This investigator prepared the pure a modification 
by repeated distillation in vacno^ and preserved the distillate in 
sealed tubes. The transition to the /3 form always began at 
once and extended over several days but was in no case 
complete. Tubes which each contained a mixture of the 
a and /3 form, the former being liquid or solid in accordance 
with the atmospheric temperature, were preserved for four years, 
and throughout this time the proportion of the two substances 
remained unchanged. This fact may be held to render unsound 
the generally accepted hypothesis that the /3 modification is 
simply an isomer of the other, for it is difficult to explain in 
that way the termination of the change before it is complete. 
Attention is therefore redirected to the idea of Weber, according 
to which the water inevitably present is the essential agent in 
the transition. The /3 form is a ‘‘ product of hydration,” and 
when the water available has been used up, no further transition 
can occur. It is believed that the water cannot exceed one part 
in a million of the whole substance. 

If this much discussed substance were a simple isomer it 
might be expected to have definite and invariable properties, 
but according to Berthoud such properties cannot be assigned 
to it. Commercial trioxide (consisting mainly or entirely of j8) 
was heated in a sealed flask. Fusion began at 55"^ and was 
not complete after this temperature had been maintained for 
twenty-four hours. At 68” a new condition of equilibrium 
between solid and liquid was set up, and the whole was melted 
only by heating to 80” or 90”. The melting-point of the sub- 
limed substance was or higher, and was thought to vary 
with the hydration in a continuous way. Nor can the substance 
be distilled (under pressure) at a constant temperature. As the 
distillation proceeded the temperature was necessarily raised 
^ /ie/v, Chim, Acta^ 1922, 6, 513. 

E 
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more and more. The isomerism of sulphur trioxide seems to be 
apparent in the solid state only. It is initiated by, and probably 
dependent on, the presence of minute amounts of water. 

The mystery in which the polymerism of this substance is 
involved has been increased by the most recent work carried 
out by Le Blanc and Ruhle.^ The trioxide was synthesised 
photochemically at a temperature of 150^ and at pressures of a 
few tenths of an atmosphere, and condensed on formation, even 
at these low pressures, to a solid. The vapour pressure of this 
solid, however, had no constant value. It was found also that 
the solid trioxide melted about 17"^, but on repeated melting 
the fraction remaining unmelted above this temperature in- 
creased. Distillation at low pressures was then investigated, 
and in this way, it is claimed, no less than four modifications 
of the substance (admittedly not very sharply defined) were 
observed. The first modification (a) melted at 95-100 , had a 
vapour pressure of about 17-5 mm. at o", and condensed 
throughout the apparatus in needles ; the second (/>») was 
formed as a dull, porcelain-like mass by condensation at 0°, 
melted about 31'', and had a vapour-pressure of 25-30 mm. 
at o" ; the third and fourth varieties (c and d) both melted at 
i6-8°, but differed in appearance and behaviour on cooling. 
It was found that (<;) readily passed into (^?) and (/;). The 
vapour pressure of (c) at o'^ was at least 195 mm. ; that of {d) 
was undeterminable. 

Chemical Reaction . — The chemical behaviour of the two 
modifications is the same, but the a modification is the more 
active. In moist air sulphur trioxide at once forms dense 
white fumes, which are naturally very corrosive and poisonous. 
On immersion in water the substance hisses like red-hot iron, 
and if certain proportions are used (4 parts anhydride and 
I part water) the combined mass is completely vaporised, 
light being emitted. The anhydride has an intense dehydrating 
action — the /3 less than the a variety. It has been stated that 
the )8 substance can be touched with the dry fingers without 
the skin being seriously damaged. The « variety on the other 
hand chars the skin, or any other organic matter, at once. 
A note should be made that in spite of the great affinity 
of this substance for water, it is impossible to retain more 
* Chem. Zentr.^ 1923, 04 [iv.], 522. 
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than a small proportion of it by absorption of the vapour 
in water. This subject will be discussed more fully later. 

None of the metals Zn, Sn, Pb, F^e, Cu, Hg, Na, is attacked 
by the dry vapour, and no reaction takes place with many 
basic oxides such as lime and copper oxide, ^ if these are 
carefully dried. The anhydride manifests a powerful oxidising 
action under ordinary conditions. Phosphorus inflames in the 
vapour, liberating sulphur. Phosphorous acid is converted into 
the compound H3P04,2S0.>. Phosphorus and the liquid anhy- 
dride yield the compound 3P204,2S03. Phosphorus trichloride 
is oxidised to oxychloride, hydrobromic and hydriodic acids 
to their respective halogens. 

With sulphur the blue compound SoO^ is formed ; with 
selenium the green SeS03; with tellurium the red TeS03. 
By absorbing sulphur dioxide in the cooled trioxide a liquid 
is formed which appears to contain the compound S0o,2S03. 

The addition of nitric acid of high concentration to oleum 
has often been investigated in view of the lowering of the 
freezing-point which results, and the consequently reduced 
liability to freeze during transport. According to an American 
patent (Schultz and the General Chemical Co., U.S. P. 1047576), 
a compound of the composition N.>Or, (803)4, H^O can be made 
in several technically convenient ways. For instance, a mixture 
of 300 parts of 60 per cent, oleum and 70 parts of nitric acid 
of 96 per cent. HNO3 may be treated with the vapours of 
sulphur trioxide and nitric acid with suitable gentle heating. 
The substance obtained does not fume in air and is a crystalline 
and hygroscopic solid. The specific gravity is 2*18 and the 
melting-point lies between 93'' and 104°. A higher temperature 
is required to effect decomposition — effervescence takes place 
at 170°. The material is easily packed for transport and is 
of very uniform composition. 

Since the Contact Process came into active operation, 
sulphuric anhydride has become an easily obtainable com- 
mercial material and is employed in several manufactures, 
although its solution in sulphuric acid is, in general, more 
convenient and far more widely used. The trioxide is 
sent out in sealed drums of tinned iron. No precautions 
taken in handling this substance, or indeed oleum itself, can 
' Baker,/. C/rem, Soc. Tram.y 1894, 65 , 611. 
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be considered excessive, for burns with the liquid trioxide, or 
with trioxide which is just beginning to liquefy with absorbed 
moisture, or burns with oleum, are instantaneous on contact. 
They frequently become septic and are always very slow to heal. 

Chlorsulphonic Anhydride, SO3HCI. 

(^Molecular Weight = 116-53.) 

Chlorsulphonic anhydride is a substance of some commercial 
importance. It is obtained directly from oleum and has proved 
of use in warfare for the production of smoke clouds. 

Formation. — (i) By the direct union of hydrochloric acid 
and sulphuric anhydride, (ii) By the action of phosphorus 
tri-, penta-, or oxy-chloride on concentrated sulphuric acid, 
(iii) From sulphuryl chloride, by the action of damp air — 
S02Cl24-H.30 = S03HCl + HCl, or from pyrosulphuryl chloride 
by reaction with water — SoO^Cl^d- H3O = 2S03HCl,and in several 
other ways. It is most conveniently prepared on a small scale 
either by passing hydrochloric acid into oleum and distilling 
the product, or by utilising the reaction of phosphorus penta- 
chloride on concentrated sulphuric acid. In the second case 
the mixture divides into two layers when sufficient pentachloride 
has been added and is then di.stilled. 

Properties and Reactions . — Chlorsulphonic anhydride is a 
colourless liquid. It has a penetrating and unpleasant odour 
and a very corrosive action on the skin. Its density at is 
1-78474, and at 155-3'' — boiling-point — is 1*54874.^ When 
boiled it decomposes to some extent into its constituents. Many 
salts are dissolved by the anhydride. The specific electrical 
conductivity is given by Walden as 0172X lO"^ The specific 
heat at 15° to 18'' is 0*282, the latent heat of vaporisation for 
I gram-molecule is 12-8 kilogram calories, and the heat of the 
reaction SO3 (solid)-f HCl (gas) -> SO3HCI (fluid) is 14*4 kilo- 
calories — directly determined calorimetrically by Ogier. 

The substance reacts violently with water, decomposing 
into its constituent acids. Addition of concentrated sulphuric 
acid causes formation of oleum and hydrochloric acid. Sulphur 
and hydrogen sulphide are oxidised by it in complex reactions. 
By the action of phosphorus pentachloride pyrosulphuryl 
^ Thorpe,/. Chem, Soc, Trans,^ 1880, 87 , 358. 
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chloride is formed — 2SO3HCI + PCl^ = S20^Cl2+ POCI3+ HCl. 
Sulphates of the alkalies and alkaline earths are converted 
into pyrosulphates, and sodium chloride forms the chloro- 
sulphonate NaO — SOgCl. 

Chlorsulphonic anhydride reacts with alcohols and with 
many other substances of the aliphatic series, but is chiefly 
useful as a sulphonating reagent for aromatic hydrocarbons. 
The (7-toluene sulphonic acid required for the manufacture 
of saccharin is best made in this way and, as in many other 
similar cases, is obtained in the form of the acid chloride. 

Mafmfacture , — On a large scale the anhydride is made 
by passing hydrochloric acid gas into concentrated oleum. 
At the Hdchst works in 1919 the gas was produced by the 
interaction of nitre cake and salt in Mactear furnaces, this 
method being preferred to that using sulphuric acid and salt 
on account of the higher purity of the gas generated. The 
reaction was carried out in two cast-iron vessels worked in 
series. The first held — at the beginning of a cycle — a charge 
obtained by a previous operation in the second vessel, and 
the second vessel contained 60 per cent, oleum. Dried hydro- 
chloric acid was passed into the first vessel through an earthen 
dip-pipe and thence to the second vessel by means of an 
iron pipe. The waste gas was removed to a water-fed scrubber 
by means of an earthenware air-ejector. The temperature in 
the first vessel rose rapidly during the absorption to 100'' or 
no® and remained fairly constant until the saturation was 
complete, and then fell. 

The resulting solution of the anhydride in sulphuric 
acid was distilled from a cast-iron vessel through an iron 
column, the residual sulphuric acid being stated to contain 
no hydrochloric acid. 

Pyrosulphuric Acid, 

{^Molecular 1 1 eight — 178-14.) 

Pyrosulphuric (or perhaps more correctly ^//-sulphuric) acid 
appears to be the only true compound of sulphuric acid 
and its anhydride. This conclusion is borne out by an 
inspection of the freezing-point curve of oleums of various 
composition. 
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Formation, — The methods of formation of the acid are 
those used for oleum manufacture. On a small scale 
anhydrous sulphuric acid is mixed with a little more than 
the correct proportion of anhydride, and the excess of 
anhydride is removed by standing over anhydrous acid.^ The 
trioxide is found to dissolve extremely slowly. 

Properties and Reactions . — The dry acid melts at 35"" and 
in the molten state is very liable to supercooling. The dry 
crystals have no appreciable vapour tension of trioxide, and can 
be placed in a stream of dry air without decomposition, but the 
same treatment of the molten or supercooled liquid decomposes 
it to some extent. The heat of solution of i gram-molecule 
in 1600 molecules of water is 26-9 kilogram calorics,- and the 
specific heat, according to Knietsch, is about 0-36. It is 
decomposed on heating. Certain metals, including silver and 
mercury, dissolve in it at its melting-point. Copper gives 
cuprous sulphide and some sulphate, and tin gives a blue 
liquid probably containing the oxide S^O^. 

Weber claimed to have isolated a definite compound 
^2304,3803, but the existence of this, as of the supposed 
compound 3H2S04,4S03, has not been confirmed. 

The Pyrosulphates. 

Before passing to the general properties of oleum, the 
pyrosulphates will be briefly considered. Representatives of 
both normal salts, M^SoO-, and acid salts, MHS0O7, arc known. 

Formation. — (i) Alkaline pyrosulphates are formed on 
heating the bisulphates. The evolution of water is said to 
begin at 300'' and to be over at 400^ Baum ^ took out a 
patent for heating in a vacuum at 260° to 320°. It is probable 
that the practicability of this process varies greatly with the 
nature of the base. According to Cambi and Bozza,'^ the most 
recent investigators in this field, the dehydration is never 
quite complete, even under reduced pressure or in a current 
of sulphur trioxide, (ii) Sulphuric anhydride reacts with the 

^ Schultz-Sellack, Ber.^ 1871, 4, log. 

2 Thomsen, Ber.y 1873, 6, 713. 

3 Ber.^ 1887, 20, 752 ; Ger. P. 40696. 

^ Ann, Chinu appiicata^ 1923, 18, 221. 
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normal anhydrous sulphates if they are finely ground, or if the 
reaction is aided by heating. The sulphates of potassium, 
silver, thallium, and ammonium react easily, sodium sulphate 
less readily, and the sulphates of the alkaline earths with some 
difficulty.^ This is the only method which gives pure salts.^ 
(iii) Chlorsulphonic anhydride converts the normal sulphates 
into pyrosulphates : SO^HCl + MoSO^ = M2S2O7 + HCl. This 
is of more general application than method (i). 

Properties and Reactions . — The alkali salts are said to be 
stable at a mild red heat (the sodium salt is an exception), but 
decompose on more intense heating, reforming the normal 
sulphates. They are of varying stability towards water, for 
the most reacting with it to form bisulphates. Bunsen found 
the calcium salt most stable in this respect and capable of 
crystallisation unchanged from a boiling solution. 

Potassiiun PyrosulpJiatCy obtained by the foregoing methods, 
consists of transparent })risms of density 2*512 and melting- 
point 414*2'". At 315 the salt is transformed into an opaque 
porcelain-like substance.- When dissolved in water, cooling 
due to solution takes place at first, but a few minutes after, 
heat is evolved on account of the conversion to bisulphate. 
The heat given out by the reaction SO.^ 

is 26*1 kilocalories (note that KoO-fSO.^-^ KoSO.j-f- 142*4, the 
trioxide being solid in each case).'^ It is interesting to observe 
that Berthelot had to heat his reaction mixture to 180° to 
obtain this salt by method (ii). The bisulphate KHS^O; 
can be obtained by crystallising the normal salt from fuming 
acid, l^oth this and the normal salt are stable in dry air and 
neither has an appreciable vapour pressure of trioxide. On 
standing in an ordinary atmosphere each reverts slowly to 
bisulphate. 

Sodium Pyrosulphate is much more difficult to obtain in a 
pure state. A mixture of anhydrous sulphate and trioxide 
gives, at 150', a fritted mass having almost the composition 
NaoSoOy. Method (iii) in this case gives better results. 
Powdered dry sulphate is moistened with chlorsulphonic 
anhydride, and the reaction having ended, the excess of 

^ Schultz, Ber.^ 1884, 17 , 2705. 

^ CaiTibi and Hozza, loc. n't, 

' Berthelot, Ann, Chim, Phys, [4], 80 , 433. 
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anhydride is distilled away.^ Method (ii) can also be used. 
The pure salt forms lustrous, translucent crystals of density 
2-658 and melting-point 4009°. It dissociates appreciably at 
460^^ No acid salt is known in this case. The normal salt is 
instantly converted into bisulphate in contact with water. 

Many attempts have been made to obtain sodium pyro- 
sulphate from the bisulphate, which constitutes the greater part 
of nitre cake, with a view in many cases to obtaining free 
sulphuric anhydride by a further reaction. The production of 
pyrosulphate certainly occurs, but is never complete (at the 
ordinary pressure), for the evolution of water is always accom- 
panied by loss of sulphuric anhydride to a degree which 
increases as the water is driven out. When bisulphate is 
heated, the water comes off at first fairly readily, and 50 per 
cent of the available water can be removed without reducing 
by more than 2 or 3 per cent, the free acidity as determined 
by titration of the dissolved sample. To abstract about 85 
per cent, of the water causes a loss in free acidity of about 
30 per cent Attention should, however, be paid to the possi- 
bility of working in a vacuum.^ 


Oleum. 

Fuming sulphuric acid of any concentration consists of 
sulphur trioxide in solution with sulphuric acid. There appears 
to be little evidence of the existence of any other compound, 
even of pyrosulphuric acid, in any of these mixtures, when they 
are liquid. 

The composition of oleum may be stated in several ways. 
The method most often adopted here will be to state the 
percentage of uncombined (free) trioxide. This is not sufficient, 
however, for purposes of calculation, and either the percentage 
of total trioxide or the equivalent percentage of sulphuric 
acid must often be known in addition. Both quantities are 
given in the first of the two tables in the form of equivalents 
to all percentages of free trioxide between o and 100. 

* Schultz, Ber,^ 1884, 17, 2708, 

^ Cambi and Bozza, loc, cit, 

3 Baum, loc,cit,^dSiA British Cellulose Company, and Bader, B. P. 177310 
of 1921. 
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Calculations of this kind frequently involve ordinary sulphuric 
acid. A second table is therefore added by which each even 
half per cent, of H2SO4 may be converted to SO3, or vice versa. 
This extends the figures from 122-5 per cent. H2SO4 to 40 per 
cent. H2SO4. 

Composition of Oleum, 
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Problems in relation to mixing oleum with ordinary or 
fuming sulphuric acid, or to preparing oleum of a given strength, 
are best facilitated by using the table to obtain the equivalent 
percentages of sulphuric acid. If an oleum of strength b is to 
be “ broken down ” to strength c by means of an acid of strength 

F 
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a, then for i part of the acid of strength x parts of that of 
strength b must be taken, where 

c- a 

a, b, and c being, of course, in the same units in each case. 

Coifiposition of Sulphuric Acid. 

(Condensed table.) 

Example. — 40 per cent. HoSO^= 32*65 per cent. SO;, ; 40 per cent. SOj-4'j-oo 
per cent. II0SO4. 
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54 * 

44 *08 

1 84-53 

69* 

56-32 

102*90 

84* 

68*57 1 

121*28 

99 * 

80-81 

66-76 

•5 

44-49 . 

1 85-14 

•5 

56-73 

103*51 

•5 

68.98 

121.89 

! ‘5 

81*22 


If this kind of calculation has to be carried out very fre- 
quently, and if, as generally occurs in technical work, the acids 
to be mixed have compositions lying each within fairly narrow 
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limits, some kind of graphical chart saves a great deal of arith- 
metical labour, and gives results which arc sufficiently accurate 
for many purposes. The alignment chart lends itself readily 
to this calculation, and the example given in Fig. 2 may prove 
useful ; by its means most of the arithmetical problems involved 
in mixing oleum and sulphuric acid can be solved immediately, 
almost by inspection. The method of construction is noted ^ 
and the chart can be reconstructed to cover almost any range 
of this, or a similar calculation. Suppose that we desire to 
obtain acid of 96 7 per cent, by mixing two acids of 90 per 
cent. H2SO4 (a) and of 30 per cent, free trioxide (/;). A thread is 
held stretched over these two points on the vertical axes, and 
the point of intersection of the horizontal line from 96 7 with 
the line of the thread is found by the eye. The vertical line 
passing through this point gives, on the scale at the base, the 
required ratio. In this case 0 67 part of the strong acid are 
required for one of the weak. The dotted lines on the chart 
illustrate this example. Other uses will readily suggest 
th^selves. 

There are two varieties of oleum which are principally used 
in industry, containing approximately 20 per cent, and 66 per 
cent, of free trioxide. The first is largely made and used in 
explosives works. The second is required mainly for the 
sulphonation of organic compounds, and is therefore common 
in the dye and intermediate industry. Each variety is dis- 
tinguished by a composition lying very close to a minimum of 
the freezing-point curve. To depart far from these two con- 
centrations is to obtain an oleum which cannot be kept liquid 
without heating. 

The acid containing 60 to 70 per cent, of free trioxide is 
prepared by distillation of oleum of lower strength, for there is 
a limit to the concentration which can be reached directly in a 
contact plant. This distillation is conducted in fire-heated steel 
vessels, the sulphur trioxide being driven over into a water- 

' This is an alignment chart extended to allow of four variables instead 
of three. Construction : a and b are set off to the same scale on the two 
axes. The two scales must be level, any horizontal line must have the 
same number at each end. The vertical lines are drawn through points 
where the base line has been divided (preferably homographically), so that 
each graduation gives the ratio of one segment of the base to the other. 
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cooled receiver (sometimes fitted with a stirrer) containing a 
small quantity of acid, or of the oleum of the kind being 
distilled. A special form of still made by a German firm for 
this work is shown in Fig. 3. 




Fig. 3. 


The Physical Properties of Oleum. 

For information on the physical properties of oleum we are 
largely indebted to Knietsch, whose lecture in 1901 ^ let in a 
flood of light on this field for the first time. The extensive 
and very various data obtained by him and his co-workers were 
probably gathered with a view to approximate technical, as 
distinct from exact scientific application, and in the main they 
have served this purpose well. It is necessary to emphasise, 
however, what has many times been pointed out — that they 
should be accepted, for any purpose, only after careful 
inspection, and with considerable reserve. The figures given 
have often been found difficult to reproduce by other workers, 
and are occasionally discordant among themselves. The 
actual experimental figures are not always given, and the 
methods of interpolation used to obtain the results are not 
described. In one case the data cannot be reduced to any 
specific basis. 

Specific Gravity , — The following series of specific gravities 
is due to Winkler, and was obtained for oleum made by 
the old Nordhausen process, and therefore not likely to be 
very pure : — 


> Ber ,^ 1901, 84, 4069-4115. 
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Free SO3 
l)er cent. 

Specific Gravity 
at 20\ 

Free SO;, 
per cent. 

Specific Gravity 
at 20”. 

Frefj SO;{ 
per cent. 

Specific Gravity 
at 20”. 

1-5 

1 .860 

loi 

1-900 

28-0 

1.940 

2-7 

1.865 

10-6 

1.905 

29*9 

1*945 

4*3 

1.870 

i 11-4 

I.910 

31*5 

1.950 

5-4 

1.875 j 

* 13.3 

1*915 

32.8 

1*955 

6.4 

1-880 1 

160 ' 

1.920 

35*9 

1 1 .960 

7-3 

1.885 

; 18.7 , 

1*925 

39*7 

1.965 

8-2 

I. 8 <j 0 

21-3 

1*930 

44.6 

1.970 

9-3 

1.895 

25-7 1 

1*935 j 





Mcssel ^ gave the following values 

for 26-6 ^ and also those 

calculated for IS-S"": — 







Spe<'i(lc Gravities. j 


Spe(;itn<‘TH. 

r.-rceiit.a}.'*. (t 1 
.S( ) 

At SO'” ]•'. 

('alculated 




(• I't) 0 e.) 

for (.<) F. 

( ; 


Li(|iricl ..... 

<^•3 

1.8-12 

1.852 ! 


M ..... 

30-0 

1.930 

1-940 


Cr)’st:illine rc^eiiiMini,^ nilic 

•p.O 

1.956 

1.970 , 


11 n 

11*5 

i.9(n 

1*975 1 



1 46.2 

1*993 

1-977 


11 M 

i 59*4 

1. 980 

1*994 




! ()O.S 

1.992 

2-00(> j 


,, ..... 

! 65.0 

1. 99 2 

2.006 j 



! 69. ^ 

2-002 

' 2.016 


Ciyraalliscd .... 

1 72 -s 

i.<iS 4 

; I.98S 


n ..... 

1 So-o 

1*959 

' 1*973 


,, ..... 

1 82.0 

1 

0953 

; i.(,67 


These relate to commercial acids made by the contact process, 
as also do the figures given by Knietsch for 15 , 35 , and 45 . 


Sf^ccijic Gravities of Oleum at 15 “ a)ui 45 . 


l-'riM* S< );; 

Spet*i!ic r.r.ivit V 

specific Gra\ It V 

per cent. 

at If. e. 

.at If. C. 

0*0 

i.S;oo 

I.S22 

10*0 

I.SSS 

I.85S 

20-0 

1.920 

I.SS7 

30-0 

1*957 

1-920 

40.0 

1*979 ! 

i*'i 45 1 

50.0 j 

2.009 , 

1.964 in.i.x. j 

(>0-0 

2*020 max. i 

1. 659 1 

70.0 

2.01 8 ! 

1.942 

80-0 

2.00S 

I -890 

90.0 

1.990 1 

1.864 

100.0 

1.984 

1*814 


* y. Soc, Chem. 1885, 573 - 
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Specific G)'avities of Oletnn at 


ToUl SO;., 
per cent. 

Fr*M* SO;. 
IM'r cent. 

Speoinc Oravity. 

Total S( );j 

piT (••‘lit. 

Frci* S( ) . 
l)»‘r 

Spoolflc Oravlty. 

81.63 

0 

1 . 8 1 86 

91-18 

52 

1*9749 

81.99 

2 

1*8270 

91*55 

54 

I -9760 

82.36 

4 

1*8360 

91*91 

56 

1-9772 

82-73 

6 

1-8425 

92*28 

58 

1*9754 

83-09 

8 

1.8498 

92-65 

60 

I- 973 X 

83.46 

10 

1*8565 

93*02 

62 

1.9709 

83.82 

12 

1-8627 j 

93 - 3 -'< 

64 

1-9672 

84.20 

14 

i. 8()92 i 

93*75 

66 

1-9636 

84.56 

16 

i- 87:;6 

94.11 

68 

I -9600 

S4.92 

18 

1-8S30 

94-48 

70 

i- 95 f >4 

85*30 

20 

1-8919 

94 -S 5 

72 

1*9502 

8v66 

1 -“ 

1-9020 i 

95-21 

74 

1*9442 

86-0^ 


I -9092 

: 95 - 5 S 

76 

1-9379 

86.40 

' 26 

1*9158 

95-95 

78 

1*9315 

86.76 

' 28 

1-9220 

96-32 

So 

1-9251 

87*14 

30 

1-9280 

96 -(,() 

82 

1-9183 

87.50 

! 

1*9338 

97-05 

84 

1-9115 

87*87 

3 t 

1-9405 

97-45 

8 () 

1-9046 

88.24 

36 

' 1*9474 

97 - 7 -'( 

8 S 

1-8980 

88.60 

' 3 ^ 

i 1*9534 

■ 9.S.16 

1 90 

1-8888 

88.97 

40 

; i‘ 95«4 

:: 98-53 

i 92 

I -8800 

89*33 

1 42 

j 1-9612 

.! 98-10 

i 94 

1-8712 

89.70 

44 

' i* 96|3 

99-26 

! 96 

1-8605 

90.07 

46 

1-9672 

\\ 99.63 

1 98 

1-8488 

90.44 

48 

1-9702 

1, 100-00 

1 100 

I-S370 

90. Si 

50 

1*9733 

ii 

1 



The data of the last two tables are apparcntl)' based on the 
density of water at 15 \ taken as unity. It will be noticed that 
the various sets of data are by no means concordant. This is 
very probably due to the varying nature and quantity of impurity 
present in commercial acids, and it is always preferable that a 
works should carry out these determinations for itself with the 
accuracy sufficient for the purpose for which they are required. 
The published tables are rarely found to be in agreement with 
such determinations, and it would appear that many of the 
figures given by Knictsch are too high. The following, for 
instance, were obtained at Gretna in 1917 by J. C. C. Taylor : — 


Sp gr. at 15'' . . 1*8955 1*9008 1*9055 

PTce SO;j per cent. . j8 19 20 

To correct for temperature difference from 
degree of such difference between : — 


10® and 20°, 

„ 55 ^ 


55' 


6 d\ 


subtract 0-0015 
„ 0*0010 

,, 0*0020 


1*9110 1*9160 

21 22 

1 5^, for every 
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These figures are lower than those given by Knietsch. The 
oleum examined had been obtained from sulphuric acid 
recovered from nitro-glycerine and nitro-cotton manufacture. 

Another scries which are in use in a large explosive works 
for plant control may also be given. 


Specific Gravities of 20 per cent, and lO per cent. Oleum. 


Tnnpcra- 

‘JO jK'r fctit. 

10 prr crlit . 

Tciiipf-ni- 

■JO pf-r cr-Iit. 

10 [)*'r cfiit. 

tun;. 

ONiuii. 


lllK-. 

oil dill. 

( )i<-Ulll. 

10'" 

1-912 

I -8 So ; 

40^ 

I-S 77 

1-850 

15'' 

1-905 

! 

45 ^ 

1-872 

1-845 

20" 

i.Sf)7 

1-870 


I-S07 j 

1-840 

25^ 

1-S.S7 

1-805 

53 ' 

1-862 

1-^33 

30' 

I.S.S7 

I -Sl^O 

oo' 

I-S 57 

1-850 

35' 

I-S.S2 

1 





These, again, are all lower than Knietsch’s figures. 

It will be noticed that from the minimum slightly below 
lOO per cent. the density increases continuously until a 

maximum is reached, the position of which varies somewhat 
with temperature. At 35*" the maximum value is 1-9772 for 
56 per cent, of free trioxide. From this point the density 
sinks until pure trioxide is reached — according to Knietsch 
1-984 at 15^ All of Knietsch’s determinations fur the 
trioxide are discordant with the more recent determinations 
of the density of this substance by Lichty. 

Melting-point . — The melting-points of a series of oleums were 
determined by Knietsch. The method adopted is best given 
in his own words. “That temperature was first observed, to 
which the acid could be cooled, with stirring, without solidify- 
ing. As soon as the first crystals formed the vessel was taken 
out of the cooling bath and, stirring being continued, the 
highest temperature was observed to which the thermometer 
rose, which remained constant on further solidification of the 
liquid.” (This temperature is given as the melting-point.) 
“The crystals were then melted by careful warming and the 
temperature observed at which the last residue melted.” The 
last temperature observed in this way (but not recorded by 
Knietsch except in the form of a dotted line on his graph) 
is the final melting-point, and is probably not far from the 
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initial freezing-point; but the temperature taken as the 
melting-point, for which the results are given, lies considerably 
lower in each case and is neither the initial nor the final 
freezing-point, but an intermediate temperature. The results 
although of not very certain significance are of practical value 
and in extended use, and are given below as taken from the 
paper. The only temperatures, however, which appear to 
correspond to reproducible phenomena, are those represented 
by the upper dotted line on Knietsch’s graph, ix., probably 
the liqnidus curve. They are due to interpolation of a curve 
drawn from the experimental results. 


lilclting-Pohit of Oleu}}i. 


I’rr c* Mt. 1 

SOj. 


I’«‘r relit. 
Free )j. 

Melting-point. 

I’isr nint. 
Free SO,;. 

Mi'lling-i)oint. 

0 

•r 10*0 

35 

-i- 2 G -0 

70 

4 9’0 

5 

+ 3 -=^ 

40 

33 -« 

75 

17-2 

10 

- 4-« 

45 

34-^^ 

80 

22-0 

1 5 

' I 1-2 

SO 

28-5 

85 

55-0 (27-0) 1 

20 

- 1 I -0 

55 

18.4 

90 

34.0 ( 27 - 7 ) 1 

25 

- 0*6 

()0 

-i- 0.7 

95 

3()-o (2G.0) I 

30 

i i 


-t 0-8 

100 

400(177)1 

0-0 

“t 10-0 

34-7 

4 26*0 

72.S 

14-8 

2-0 

S.2 

40* I 

34-2 

78*3 

1 20-3 

7-5 

- o-s 

45 .() 

34-2 

837 

; 29-2 

12-9 

- < y 2 

51-0 

25-S 

8')-l 

; 33-8 

i8-3 

I 1 -0 

5^^-4 

14.2 

() 4 -G 

S (}’0 

1 23-8 

j “ 2*2 

f)i «9 

0-8 

100-0 

40-0 

29-2 

j -t- 13-5 

^>7-3 

4*5 


• •• 


The course of the curve is shown in Fig. 4. There is a 
minimum at from 1 5 to 20 per cent. Oleum of this concentration 
is unlikely to freeze on the coldest days in this country. The 
curve then tends upward to a maximum, the position of which 
corresponds almost exactly to the formula of pyrosulphuric 
acid — Falling from this, another minimum is reached 
at 60 to 65 per cent. — the usual composition of the concentrated 
commercial oIeum~and from these the curve rises again until 
pure trioxide is reached. Before doing so, however, it divides 
into two branches. The lower one (to which the bracketed 
figures in the table relate) refers to freshly prepared oleum 
which has not yet had time to polymerise. Very concentrated 
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oleum of 85 per cent, or more is practically a solution of 
sulphuric acid in the trioxide, and consequently undergoes the 
a-)8 change on standing ; and if the change is allowed to proceed 
to completion the oleum may not even melt on being heated, 
but only lose trioxide by sublimation. 

It will be noticed that the first minimum on the curve occurs 
at about the same concentration — 15 to 20 per cent, of trioxide 
— as does the maximum of electrical conductivity. We do not 
certainly know that the acids of this and the other minimum 
melting-point (60 to 65 per cent, trioxide) form simple eutectics 
when they solidify, but some general conclusions relating to the 
composition of the solids first crystallising from various acids 
may be drawn. From weak oleums — o to 15 per cent. — pure 
sulphuric acid must be the first solid to crystallise on cooling, 
to be followed later at the temperature of the minimum by a 
mixture of this acid and pyrosulphuric acid. An acid between 
20 and 45 per cent, will first deposit mainly pyrosulphuric acid, 
and then, in the measure of the amount by which its initial con- 
centration is lower than 45 per cent. — a mixture of the same 
composition as before. Acid of a composition lying at the 
summit of the curve should solidify almost entirely at constant 
temperature, and the first and last fractions should not vary 
greatly in composition. The same argument may be applied 
to the region of the curve beyond 45 per cent. Stronger acids 
must deposit pyrosulphuric acid as before, but what composition 
the mixture freezing at the second minimum point may have is 
a question which, in the present state of our knowledge, is not 
easy to answer exactly. 

Specific Heat } — One kilogram of the oleum was heated and 
allowed to cool to 35'' in a glass flask, and the flask was then 
plunged into 2 kilograms of water. The oleum was allowed to 
cool to 25'', and the flask was then removed quickly from the 
bath, the rise of temperature of the bath being noted. 

Boiling-point } — The boiling-point was taken to be the 
temperature, indicated by a thermometer dipping into the 
liquid, at which ebullition of the liquid first took place. If the 
boiling is conducted with a reflux cooler somewhat higher values 
are obtained. 

Vapour Pressure } — “ The usual barometric method could 

* Knietsch. 
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Specific Heat of Oleum^ 25"^ to 35°. 


P«r c«nt. 
Kroo 

Per Cdiit. 
Total SU:i. 

llcat. 

Per cent. 
Free SO^. 

Per cent. 
Total SO;,. 

Si>«cinc 
Heat. i 


76-8 

0-3691* 1 

51-0 

91 

0.370 j 

... 

78.4 

0 - 3574 * ' 

5(<-45 

92 

0-400 1 


80 

0-350 

61-89 

93 

0.425 j 


8o-o 

o- 3574 * ' 

63*5 

93-3 

0-4325* 


81-5 

0-3478* 

(■< 7-34 

94 

0-455 

2-0 

82 

0-345 

70-6 

94.64 

0-4730* 

lO'O 

83.46 

0.3417* 

72.78 

95 

0-495 

12-89 

84 

0-340 || 

7^<-23 1 

96 

0-535 

20-95 

85-48 

0-3391* 

Sl-O 

96.52 

0-5598* ! 

23-78 

86 

0-340 

83.67 

97 

o-5<>o 1 

29-74 

X 7 -I 3 

0-3392* ; 

88-6 

97-92 

0 

c^ 

>(< 

34 -f >7 

88 

; 0.350 

89-12 

99 

0.650 

3 H -75 

88-75 

0-3498 * 

94-56 

99 

0-710 

45 - 5 ^^ 

90 

! 0.360 

98.9 

99-8 

0.7413* 

4^.-1 

' 90-1 

1 0 - 3599 * : 

1 00-0 

I 100 

0-770 

49*4 

90-73 

o-36t>o* ; 


1 



Boiling-Point of Oleum. 


Per cent. 

Percent. 

! noiliiif'-noint 

i Baronietric 

Free S( 

Total SO ;. 

i 

j pressure, min. 

3-64 

1 X -.3 

' 212 

! 759 

9-63 

I «3-4 

170 

1 759 

26-23 

' ‘''■6-45 

125 

: 759 

42-S4 

! >''9-5 

92 

1 759 

63-20 

93-24 

60 

! 759 

97-2 

I 99-5 

' 43 

i 759 


Vapour Pressure in Atmospheres. 
(4 vol. Oleum + ] vol. Air.) 


t c. 

so I»er cent. 

■kl per cent. 

f »0 percent. 9'>0 J)ercent. 

70 percent. 

per cent. 

UK) percent. 

S( 

SO,. 

M>.,. 

SI >,. 


SO;. 

S< ) 

35 



... 



O-I 50 

0-400 

40 


0-075 

... 

0-225 

0-375 

0-500 

0-650 

45 

0-050 

0-125 


0-350 

0-575 

0-650 

0-8 7 5 

50 

O-IOO 

0-175 

0-350 

0-525 

0-775 

0-875 

1-200 

55 

0-140 

0-225 

0-450 

0-675 

1-025 

I -200 

1-600 

60 

0-200 

0-275 

0-550 

0-825 

1.400 

1-500 

1-830 

65 

0-225 

0.350 

0-700 

1-025 

1-650 1 

1-900 

2*250 

70 

0-275 

0.400 

0-825 

1-275 

2-050 I 

2-300 

2-725 

75 

0-340 

0-475 

I -000 

1-570 

2-525 1 

2 .vSoO 1 

3.300 

80 j 

0-400 

0-575 

1-150 

1-850 ! 

3-100 

3-500 1 

4-000 

85 

0-450 

0-075 

1-400 

2-150 

3.700 j 

4-175 i 

4-900 

90 

0.530 

0-825 

1-700 

2-575 

4.400 1 

' 5-050 

5.900 

95 

0-625 

0.950 

2-050 

3-150 

5-200 1 



100 

0-730 

I-IOO 

2-400 

3-700 

6-000 

j 6-000 



The asterisks indicate the experimental results ; other values have been 
obtained by graphic interpolation from them. 



52 


SULPHUR TRIOXIDE AND OLEUM 


not be used in the case on account of the chemical action 
of the trioxide on the mercury, and the measurements were 
therefore made in an iron apparatus by means of a manometer 
which seemed sufficiently accurate for practical purposes.” 

The above are “smoothed’* data. Knietsch gives no 
experimental results. Though useful possibly for practical pur- 
poses these values must be accepted with considerable reserve, 
for it has been shown that they lead to impossible values of the 
latent heat of vaporisation of sulphur trioxide.^ The data in this 
table begin where those of most use would end, and extrapolation 
of the curves connecting per cent, of free trioxide and vapour 
pressure cannot be carried out at lower temperatures on account 
of the omission of most of the essential values, and appears to be 
of little value at higher temperatures. At 98* 5 per cent. H0SO4 
the vapour tension is known to be practically zero, but the 
curves, when produced in any regular way, do not indicate this. 

A series of measurements of the vapour pressure of the 
full trioxide in oleum has recently been made by M‘David2 
(/. Soc, Chem. Inct Trans. 1924,43, 57) by the dynamic method. 
Mixtures of purified burner-gas and air were dried and passed 
over a catalyst which converted the sulphur dioxide to trioxide 
to the extent of about 98 per cent. The converted gas was 
passed into a small wash-bottle containing oleum and placed 
in a thermosta^t. The percentage of sulphur dioxide was main- 
tained as constant as possible and was checked frequently 
by analysis. The amount of unconverted dioxide also being 
estimated, from these data and from the analysis of the acid 
when equilibrium had been attained at any particular tempera- 
ture, the partial pressure of the trioxide in the gas-mixture 
could be obtained. The vapour pressure of the oleum is 
equal to this quantity. The experimental results are given 
in the table on page 53, and in graphical form in Fig. 5. 

It will be noticed that in Fig. 5 a number of heavy 
horizontal lines have been drawn to indicate certain per- 
centages of sulphur trioxide in the gas which is in equilibrium, 
in regard to trioxide, with oleum. These lines constitute a 
scale by means of which it is easy to determine the greatest 

* Porter, Trans. Faraday Soc.^ 1917, 18 , 399. 

* Thanks are due to Dr J. W. M‘David for making possible the 
inclusion of these results by supplying a copy of his paper in advance. 
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concentration of oleum it is possible to obtain by absorption 
from any given gas mixture. This aspect of the matter will 
be discussed in detail in Chapter VII. Attention should be 
given to the great influence of temperature which the graphs 
indicate. On the average, a vapour pressure which is higher 
than 20 mm. is doubled by a rise of temperature of io°. 

Vapour Pressure of Oleum 
(In mm. of Mercury). 



r«r 


j IVr 

i 

INr 


1 Per ! 

1 

Ter 


/ c. 

(Wilt. 

mm. 

I 

min. 


inrn. 

1 cent. 

inin. 

cent. 

mm. 


i Kd*** 

Free 

, Free 

Free 


•SO,. 


i S< 

! 


so. 


so,. 


S( 


40^ 

2 C '6 

6-1 

1 27-8 

1 1-4 

34-9 

22-0 


38-9 : 

42*6 

51-9 

5 o‘' 

; i 6*7 

5-5 

, 24*0 

10*9 

30-3 ! 

2 U ) 

35-3 ! 

39-1 , 

’ 37*1 

I 51-2 

60 ‘ 

; M -9 

5-5 

' 21-2 

129 

, 29.3 

24. 1 

300 1 

38.5 

32-9 

S 50*3 

70' 

9.1 

5-3 

1 l6.() 

H *5 

2 I-I 

23 -^> 

24.4 ! 

39-5 

28-5 

1 50-9 

80" 



I 1-2 

iiM 

, 13-5 : 

23-4 

19.3 

1 37-7 

20-4 

' 50*4 

90" 



: 4*5 

11.4 

8.0 : 

23*4 

10.4 

37-4 

' 14.0 

, 51-2 
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Electric Conducthity. — Reliable measurements of the specific 
electric conductivity are those made by Kohlrausch at 
They extend to 1 1 1 per cent, of sulphuric acid and arc given 
in the table below. Since it is useful to have the conduc- 


Specific Electric Conductivity at i8 


iN-r eeiit.. 
Free S( i,. 

I’er eolil. 
lI.jSO*. j 

1 

Ais ' lO-*. 

1 

r. i 

s 

Per cent. 
Free Si ),, 

P«-r cent. 
H.JSO4. 

A'm 10^. 

r. 


90 

1075 

0-032 

5-0 

101-12 

269 

0-031 


92 

I 102 

0-030 

5-8 

101-30 

275 

0-031 


94 

1071 

0-02 S 

9-2 

102-08 

2 89 

0-031 


99 

93S 

0-025 

15-7 

103*53 

271 

0-032 


(/)-87 

845 

0*028 

24.9 

105.01 

138 



98-42 i 

592 

0-027 J 

33*8 

107.61 

93 

0-039 


99.08 j 

i 391 

0-028 ' 

3^^*4 i 

108-19 

t>5 

0-040 


99-44 j 

213 

0-028 

39-0 

IOS.78 

43 

0-048 


99-75 1 

80 

0-040 

; 40*9 

109-20 

35 

0.030 


99.98 

157 

0-031 

43-2 

109.74 

25 

0-054 

oVri 

100-14 

187 

0-030 

44-() 

1 1004 

19 

0.054 

0.9 

100-21 

199 

0.030 

46.1 

110.38 

14 

0.056 

2-3 

100.51 

227 

0.032 j 

49.8 

III-2 

8 

0-061 


tivities of the stronger sulphuric acids also, a selection of 
these is included. The fourth column contains the temperature 

' Leitvennoyen der EUkirolyte^ Teubner, Leipzig, 1S98, 156. 
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coefficients which (^r) by the conductivity at any temperature 
(/) between i8° and 26® (or with less accuracy, at a higher 
temperature) may be calculated as : — 

The course of these figures is shown in Fig. 4. The 
conductivity of oleum rises until a maximum is reached at 
about 10 per cent, of free trioxide and then falls off with 
increasing concentration. 

Another series of determinations extending to 90 per cent, 
of free trioxide was made by Knietsch. His cell consisted 
of a cylindrical glass vessel having its axis vertical. In it were 
placed, in parallel vertical planes 15 cm. apart, two platinum 
electrodes in the form of discs 4 cm. in diameter. It is stated 
that 002 ohm could be measured with exactness, but the 
constant of the cell is omitted, and it is not possible to 
calculate the specific conductivity from the experimental data 
in any certain way. These data are given below. The 

Electrical Resistance at 25°. 


Per cent. 
Free SO-,. 

Per cent. 
Total SO.;. 

Ohms. 

Per cent. 
Free SO,;. 

Pit (Mint. 
T(jtal SO;.. 

I 

Ohms. 1 

0*34 

8170 

6.15 

45-0 

90-5 

23-4 ! 

0.5 

81-74 

5-35 

50-0 

90-8 

53-0 i 

4.0 

82.4 

2-43 

54-0 

91-6 

88-0 

9-8 

83*4 

2-20 

6 o -3 

927 

220 

14-0 

84.2 

2-15 

64-0 

93-4 ! 

287 

167 

847 

2 -i 5 r • 

69-6 

94'4 

759 

19-4 

85*2 

2-23 

75-0 

95*4 

1265 

25-5 

86.3 

2-95 

8o-o 

96-35 

4000 (27°) 

29-5 

87-1 

4-05 

83-0 

9G.9 

&(' 5 o ( 32 “) 

36-3 

88.3 

6-65 

90-0 

98-2 

91850 ( 3(.0 

40-2 

89*0 

15-2 

... 




conductivity rises until a maximum is reached at 16 per 
cent., and then falls away to a value which is extremely 
small for 100 per cent, trioxide. The discordance between the 
curves representing Knietsch's and Kohlrausch’s results is very 
marked ; the maximum does not occur on both at the same 
concentration. This point is of some importance in connection 
with the rates of corrosion of metals — particularly iron and 
steel — by oleum of various concentrations, for these rates 
are almost certainly connected with the conductivities of the 
acids employed. 
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Velocity of Outflow } — The acid was drawn up into a 320 c.c. 
cylindrical vessel of 2-8 cm. diameter to a definite mark, and 
was then allowed to flow out through a short opening mm. 
wide. The time of outflow was recorded. The values given 
are calculated on the basis — water =100. 


Time of Outflow at 23°. 
(Seconds.) 


P<ir cout. 
Fn*« S( );j. 

Tinw*. 

I’<*r cniil. 
Vrvi^ SO;l. 

Time. 

1 l*cr 
j Free 

'rillK;. 

0-9 

145-7 

30-3 

i66-9 

1 69-5 

145-0 

4-2 

147-0 

39-0 

170-8 

'! 80.4 1 

125-8 

8.5 

147-7 

49-9 

198.7 

;! «9-i 

109*9 1 

I5-I 

1510 

58-6 

192*0 

il 98-9 

100*7 

19-4 

i55-f> 



!l 

1 



These figures are shown graphically in Fig. 4. Oleum of 
50 per cent, is the most viscous of the series, and requires twice 
the time to run out that water does. Increase in the trioxide 
percentage causes an increase in fluidity, and the pure trioxide 
is practically as fluid as water. It will be noticed that the 
composition of maximum viscosity is not far removed from that 
of maximum melting-point and of pyrosulphuric acid. 

Capillai'ity } — The height of capillary ascent was measured in 
a thermometer capillary with both the dry and the wetted tube. 
The two observations usually agreed, if not the second was 
accepted. The tube had a lens-shaped lumen, and i mm. length 
of the tube held 0-122 cub. mm. of mcrcur)\ The data given are 
those calculated on the same basis as before, />. that water = 100. 
(The actual rise of water in the tube is given as 85 mm.) 


Height of Capillary Rise at 22°. 
(Water 100.) 


J’rr 

Fri'o SC.;. 

Kist’ in Mirn. 

' IVr c«*nt. 

, Fri*o Si);;. 

Ui.se in inni. 

Per rent. 
Free SO ;. 

L 

Uise in mm. 

0-9 

J 1 

1 

1 30-3 

3^'>-47 

69-5 

29-41 

4-2 1 

3 S-J 3 

1 39*0 

35-29 i 

80-4 

25*88 

8-5 ! 

37-94 

49-9 

1 35-29 

89*1 

24.70 

I 5 -I 

37-94 

58-6 

1 32-94 

98-9 

23-52 

19*4 

36-47 


1 

! 

... 

... 


* Knietsch 
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There is a fairly sharp inflexion of the curve at about 50 
per cent, of trioxide. 

Heat of Solution } — The calorimeter held 5 to 6 litres of 
water. From 40 to 50 gm. of the oleum was allowed to run 
in from the capillary outlet of a glass bulb, and then the glass 
was broken and thrown in. The highest temperature attained 
was noted on a Beckmann thermometer, and the usual 
corrections were made for radiation. The determinations 
were also made on a large scale, with a wooden cask holding 
400 litres, placed on an accurate weigh-bridge. About i*2 kilos 
of acid was used in these experiments. The results agreed 
well and were given together. 

The experimental values are recorded and also “smoothed” 
values, but it is not clear on what principle the smoothing has 
been carried out. Porter - has examined these data and drawn 
smooth curves, and his results may be given below. Knictsch 
worked with both liquid and solid oleum, so that a comparison 
allows of the deduction of the latent heat of fusion of the 
trioxide. 


Heat of Solution of i gni, of Oleum {Calorics), 
(Water in large excess.) 


' 


Heat of Solution. 



P«r cent. ' 

Tor c<>iit. 



LaUiiil 


Total SO.;. 



of Fusion. 

1 



Solnl. 




(JO 

' j 

317 

294 


M 

56.4 

(J2 

349 

325 

29 

■4- 

r 1 


94 

382 

359 

24 

<0 

7 S -3 

96 

419 

395 

25 

■ U 

89-1 


459 

437 

23 

53 

100 

100 

504 

482 

22J 

< 


PVom these can be worked out the heat of solution of trioxide 
with any given amount of water. This can be specified either 
as the heat set free when i gm. trioxide is diluted with M gm. 
water (A), or as the heat set free when i gm. water is diluted 
with m gm. trioxide {k). The former specification is in some 
ways more useful for the present purpose. Values of h and k 
derived from the figures of the preceding table are given 
‘ Knietsch. Loc, cit. 
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below, together with the composition of the acid resulting from 
the mixture: — 

Heat of Mixture of (^Liquid) Sulphur Trioxide 
and Water. 


Por cent. Total SO^j. 

1 1 

h. 

k. 1 

! 81-63 ' 

275 

1222 I 

; S5.00 1 

223 

1263 1 

90-00 i 

152 

1368 1 

95-00 


1 

100-00 

0 

j IiKicterniin.ite i 


If, for instance, i gm. water is diluted with sufficient trioxide 
{in gm.) to bring the composition of the mixture to 90 per cent, 
total SO3, 1368 calories will be liberated. The applicability of 
these figures is of course limited to the ordinary temperature; 
but as the specific heats are known, the variation with 

temperature may be found by means of the relation ; -4^^ = 

ot 

difference of thermal capacity of mixture before and after 
mixing. The quantity u refers to i gm. of mixture ; to i gm. 
of water. Therefore dkldt is readily obtainable and is given 
in the following table for various values of m : — 


1 


Thonnal C.-ipacity per 


1 

: 1 

Per cent. 
Total SO... 

S< ) \ 

per ^;m. n*j< ). 

gram Mixture. 

lUtrereiice. 

1 

Ik-fore. j 

1 After. 

1 

<it 1 



81-63 

4-43 

i 0-345 

O-Sl 2 

1 o. 4()7 

; 2.536 ' 

90-00 

9-00 

0-375 

o- 7')3 

! 0-.4I8 

i 4-1 So ! 

95-00 

19-00 

0.510 

0-781 

; 0-271 

i 5-420 ; 

98-00 

49-00 

0-650 

0-775 

1 0-125 

; ().I20 i 

100-00 

Inf. 

0-770 

0-770 

1 000 

1 Iml. j 


Hence we have at different temperatures for an amount of 
final solution containing i gm. H.,©, the following equations 
for X’j : — 


Pur cout. Total 

81.63 . 

8500 

9000 

95.00 

98*00 


kt in Calorics. 

1-222 4 * 2*54 (t- 18°) 
1-263 + 3’I6(/- 18) 
1.368 4* 4.18 (/- iS'") 
>•577 + S-42(/-i8‘“) 
1.715 4- 6*12 (/- 18'’) 
H 
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The Action of Oleum on Metals. 

Iro7i and Steel . — The corrosion of cast-iron by oleum is in 
general less than that of iron or mild steel. Knietsch gave 
the following figures as the results of experiments made by 
immersing small pieces of cast-iron, mild steel, and wrought- 
iron in acid for seventy-two hours at i8° to 20°. They are 
expressed as grams dissolved from i square metre per hour : — 


Acid. 

Cast-Iron. 

MildSteol. 

Wronylit-Iron. 

100 per cent. H.^SO^ 

0-087 

O-0S8 

0-076 

0*91 SO3 

0-201 

0-393 

0-323 

2-0 

0-190 

0-285 

0-514 

3-6 

0-132 

0-441 

0-687 

4-7 

0-154 

0-956 

1-075 

9-5 

O-I5I 

0-566 

1-321 

10*2 

0-079 

0-75S 

1-540 

12*9 

0-270 

1-024 

0-892 

i6-2 

1 0-271 

I-|00 1 

1 1-530 

18.3 

0-076 

1 I-98S 

1-530 i 

23-8 

0-070 

0-245 

0-471 i 

34*7 1 

i 0-043 

0-033 

0-053 i 

45-6 I 

1 

1 0-040 

0-018 

0-019 

Composition 

r C — 3 * 55 ^ 

(Graphite = 2-79/ 

C ^ 0-115 

C 0-076. 


A glance at the conductivity curve shows that oleum, after 
the minimum corresponding to 100 per cent. HgSO^, again 
becomes a good conductor, the maximum conductivity being 
at about 10 per cent, of trioxide.^ The corrosion of steel and 
wrought-iron follows a somewhat similar course. In 27 per cent, 
oleum iron is said to become almost completely passive, and 
can be used in contact with the liquid for many years without 
showing appreciable attack. On this result was based one of 
the Badisc/ie patents for making oleum completely free from 
iron by maintaining the absorbing oleum at about this strength 
(B. P. 1904 of 1901). Practical experience accords with these 
statements, and it is found that the liability to corrosion is found 
to be greatest at strengths intermediate between 20 per cent, 
oleum and 98 per cent, acid; oleum of from 3 to 12 percent, 
has a marked corrosive action, and the activity becomes very 


' Kohlrausch ; 15 to 16 per cent, according to Kneitsch. 
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small as 23 or 25 per cent is reached. But temperature is 
probably more important than concentration. 

With cast-iron the phenomena are different, for although 
the liability to corrosion is less, vessels of this metal are very 
liable to crack. The greater the amount of graphite the less 
stable is the iron to the action of the oleum, which eats its 
way between the crystal faces by oxidising the graphite 
which exists in thin layers between them. Various gases 
are generated under high pressure and ferrous sulphate may 
also crystallise out, and the result is a strain which the 
metal is unable to withstand. Sulphur dioxide or hydrogen 
sulphide can sometimes be recognised by the smell on breaking 
a cracked section. Cast-iron pipes conveying gas containing 
sulphur trioxide are liable to fail in the same way, often with 
an almost explosive report. For this reason steel pipes and 
tanks arc always preferred for oleum, cast-iron being more 
suitable for acid of 98 or 100 per cent. 

Lead . — It is well known that sulphuric acid of from 95 to 
100 per cent, attacks lead more rapidly as its concentration 
increases, and that the solubility of lead sulphate in the acid 
increases in the same sense. These relations are continued 
into the oleum region, and oleum in general very rapidly 
destroys lead. The following figures are results of corrosion 
experiments made by Lunge and Schmidt.^ Weighed 
specimens of pure soft lead were immersed at 50'' in a 
special apparatus from which no trioxide could escape as 
fume. After an exposure of ten hours the specimens were 
again weighed : — 


Corrosion of Lead by Sulphuric Acid and Oleum at 50°. 


j Per cent. IIoSO^ ' 

9t)-6 

i 

98.85 100 


- : - 

~ 


1 Free SOo ))er cent ' 

- 

1 

10. 1 

20-2 i 29-8 1 

3 -J -7 

45'0 

I CoiTohinn . . j 

100 

1356 1 2031 

29()S 

3-07 j 3139 

38,5 

2578 


The actual loss in weight in 96 6 per cent, acid was 64 0 gms. 
per sq. m. 

The most complete data for the solubility of lead sulphate 
^ y. Soc. Chem, Ind.., 1892, 12, 146. 
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in sulphuric acid are those of Ditz and Kanhaiiser given in 
the table below. The basis of calculation is : gms., lead 
sulphate dissolved by lOO gms. of acid of the concentration 
given. 


Solubility of Lead Sulphate in Sulphuric Acid and Oleum. 


Per cent. 

Gms. 

Per cent 

Gms. 

Per cent. 

Gms. 

Per cent. | 

Gms. 

II.JSO4, 

rbS04. ; 

n.jSOj 

PIKSO4. 

SO;.. 

PUSOj. 

SO:i. 1 

PbSO,. 

91-3 

0-047 

98-1 

0-54 1 

0-04 

4-2 

1 

6-4 

3-8 

93 '« 

0-063 ! 

98-4 

0-70 1 

0-9 

4-0 

ii-i ' 

6.0 

96-0 

0-147 i 

98-6 

1-29 i 

2-2 

3 '^> 

15.1 

7.2 

97-0 

0-210 1 

1 

98-9 

1-34 

5-0 

3*5 

22-4 

8-2 


There is a slow rise to 97 per cent., and then a rapid one to 
100 per cent. Shortly after this the increase becomes even 
more rapid, and oleum of 20 per cent, can hold about 8 per 
cent, of its weight of lead sulphate.^ The general connection 
between those results and those of Lunge and Schmidt is 
obvious. 

The Analysis of Oleum. 

Although other tests are often carried out (among which 
that for arsenic is the most usual) the estimation most 
frequently made is that of the total acidity. Acid impurities 
in oleum are generally very small in amount, so that the 
results of such estimations are very nearly correct indications 
of the amount of free trioxide, and by means of special tests 
for such impurities as sulphur dioxide may be made still more 
exact. Much has been written on the subject and very various 
methods are in general use, for the problem may be attacked 
on two sides, each of which has particular advantages, and 
the available methods may be divided into two classes: (i) 
Those depending on direct estimation of total acidity; (ii) 
Those which estimate the free trioxide by either chemical or 
physical methods. 

The taking of the sample is not a simple task. Measure- 
ment in a pipette is out of the question and weighing is 
necessary. Many samples of oleum are solid at ordinary 

’ Z. anorg. Chem.^ 1916, 98, 128. 
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temperatures and must first be liquefied by gentle heating. 
Care should be taken to avoid the pressure which may be 
generated in closed vessels during this operation. Products 
which contain very high percentages of anhydride sometimes 
do not liquefy completely, a portion remaining as a gelatinous 
residue. This residue is, however, of the same composition 
as the liquid portion so that the sample may safely be taken 
from the latter. 

The sampling of solid sulphuric anhydride is difficult. 
This substance, which is sent out in iron containers as 
a regular article of trade, is much too compact and 
tough to enable a sample to be taken out by means of an 
auger. Before using it, the iron vessels are always heated 
till the anhydride has completely liquefied ; but in this 
state the oleum emits such a dense cloud of fumes that 
any sampling is out of the question. The way out of the 
difficulty is this: In a stoppered bottle some lumps of the 
solid anhydride are weighed off on a large balance and are 
then mixed with a sufficient quantity of accurately analysed 
lOO per cent, sulphuric acid, to form an acid of 70 per cent, 
of free trioxide, which is liquid at ordinary temperatures. 
The solution is promoted by gently heating the bottles, say 
to 30° or 40°, with the stopper loosely inserted. At last a 
sample is taken out and the analysis performed in the usual 
way, taking account of the slight proportion of water present 
in the “ monohydrate ” employed. 

(i) The Estimation of Total Acidity . — The great variety of 
methods of effecting this simple operation is due mainly to 
two reasons. It is difficult to weigh out small quantities of 
oleum, particularly if it is very concentrated, without loss by 
fuming, or to add excess of water without the same trouble. It 
is more important than usual to avoid such losses on account of 
the unusual precision which is required of the estimation. The 
quantity sought is always the free trioxide. Oleum of 20 per 
cent., for instance, ranks as sulphuric acid of 104-5 cent. 
H2SO4, so that an error of 0-2 1 per cent, in the estimation gives 
a result for the free trioxide, which is wrong by i per cent. 
In this case the whole of the free trioxide corresponds only to 
4‘S per cent, of the 104-5 actually estimated, and even the pure 
trioxide corresponds only to 22-5 per cent, out of 122-5. 
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The acidimetric titration nevertheless remains the standard, 
to which all others arc referred. Normal sodium hydrate 
solution is generally used, with either methyl orange or methyl 
red as indicator. The latter is coming more generally into 
use for this purpose on account of its sharper end-point and 
clearness in indifferent light. 

The sample is weighed either in glass bulbs or in a glass 
tap-tube. The method given in Lunge’s Tcdniical Chemists^ 
Handbook may be given first. 

The glass tubes (first proposed by Clas and Gaicr in i88i) 
arc very thin bulbs of about ;] in. diameter, 
ending each way in a capillary tube. The 
liquefied acid (2 or 3 gm.) is sucked into 
the bulb, without danger to the operator, 
by means of a bottle closed with an india- 
rubber cork, through which passes a tightly- 
fitting glass tap, connected at its free end 
with a rubber tube. Suction is applied to 
the latter, the tap closed, the rubber tube 
is drawn over one of the capillary ends of 
the weighing-bulb, and by opening the tap 
a sufficient quantity of acid is admitted 
into the bulb. 

The capillary tube is cleaned and one 
of the two ends is sealed at the lamp. 
The other end can be left open without 
fear of any loss or absorption of moisture during weighing. 
The weighing is best done on a small platinum crucible with 
two notches, on which the ends of the bulb can rest. If the 
bulb should be accidentally broken, the acid runs into the 
crucible, not on to the balance. Then the bulb, open end 
downwards, is put into a small Erlenmeyer flask, into the 
neck of which it should fit exactly (Fig. 6), and which 
contains so much water that the capillary tube dips into it 
far enough to prevent any loss on mixing the acid with water. 
Now break off the other point, allow the acid to run out, 
squirt a few drops of water into the upper capillary, and 
ultimately rinse the whole bulb-tube by repeated aspiration 
of water. Dilute the liquid to 500 c.c. and take 50 c.c, for each 
test. The titration is performed with fifth-normal soda. 





Fig. 6. 
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In place of the bulb-tube the glass tap-tube shown in 
Fig. T{(i) is often preferred. The tap should be tight without 
grease, and the tube should taper gradually. It is charged 
by suction, preferably with only sufficient acid for direct 


titration without aliquot division. 
The tap is then closed, and the 
tube is cleaned and weighed at 
once. The contents are dis- 
charged by allowing them to 
flow into water in which the 
point is immersed, or in the 
case of very concentrated oleum, 
into a layer of coarsely powdered 
Glauber^s salt. The tube is then 
cautiously rinsed out with water. 
Anhydride once melted and 
drawn into the tube remains 
liquid long enough for these 
operations to be completed. 

A useful apparatus for weigh- 
ing fuming sulphuric acid (as 
well as other fuming-acids or 
substances evolving vapours) is 
the “ bulb-tap pipette,” con- 
structed by Lunge and Rey,^ 
and shown in Fig. 7(/;). The 
filling, weighing, and discharg- 
ing are performed without any 
loss of vapour and without any 
special aspirating apparatus. 




Above the tap a there is a 

bulb dy rather less than an inch too. 7. 


in diameter, and above this a 


second tap c. The lower portion of the pipette is ground into 
a glass tube closed at the bottom. In the conical, ground 


part of the pipette there is a groove r, reaching half-way down, 
the corresponding half of the groove / being in the outer 
tube. By turning the pipette the tube d can be made to 


‘ Z. angcw, C/iem.y 1891, 165. 
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communicate with the outer air, or can be shut off from it 
altogether. When the pipette is to be used, tap a is closed 
and some of the air is sucked out of by the tap c being closed 
with the suction on. The point is then dipped into the acid 
to be tested, tap a is cautiously opened and is shut when 
sufficient acid has been drawn in. The pipette is cleaned 
outside, put back into and weighed. In most ordinary ca.ses 
(with other acids, ammonia, etc.) the grooves e and / are made 
to communicate ; water is squirted through c into b and then 
run through <?, with the contents of the pipette, into dy the 
air escaping through e and / The dilute acid is run into 
a beaker and titrated. In the case of oleum it is preferable 
to take the pipette out of dy rinse the latter into a beaker, 
run the contents of the pipette, by opening into water or 



<s-io 

mm. J 



Fig. 8. 


Glauber’s salt contained in the same beaker, then squirt water 
through c (during which time a may be closed), and rinse 
the pipette into the same beaker. 

Brewster^ recommends running the sample, taken by a 
Lunge pipette, by means of a small glass tube bent at a right 
angle at the bottom, into a small Erlenmeyer flask, containing 
15 c.c. water, and washing the tube with a little water. The 
results are said to be concordant up to 0 05 per cent. 

A very satisfactory and widely used method is that first 
described as in use at Freiberg.^ Small glass bulbs of about the 
dimensions shown in Fig. 8 are made in the blow-pipe, weighed, 
and are then filled by dipping one of the fine capillary ends 
into the acid, suction being applied at the other by means of 
a fine rubber tube. Sufficient oleum is drawn into each to 
neutralise from 30 to 40 c.c. of normal soda. The bulbs are 
cleaned on the outside and placed in readiness for weighing on 

* /. Amer. Chetn, Soc,y 1907, 29 , 1376. 

Ros«ilecher, Z, anal, Chem,y 1898, 87 , 209. 
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a wooden or cardboard stand with the points upwards. Care 
must be taken that the bulb is about three-quarters full, or it 
may not sink in the titration liquid. No loss or attraction of 
moisture need be feared during weighing, but the bulbs must 
not be touched with the fingers. Each bulb is weighed with a 
small crucible as support, the ends pointing upwards, and is 
then dropped into a half-litre, stoppered, wide-mouthed bottle 
containing about lOO c.c. of distilled water. The stopper is 
inserted immediately and tightly. 

The bulb may often be broken by 
hitting a sharp blow on the table 
with the bottom edge of the bottle. 

Sufficient time is allowed for all 
fume to dissolve and the stopper 
is then removed and rinsed into 
the bottle, after which the bulb 
and capillaries are crushed with 
a stout glass rod. The rod and 
the sides of the bottle are rinsed 
down with water and the greater 
part of the iV/i soda required is 
run in. Indicator is then added 
and the titration finished. This 
method is rapid and accurate. It 
is in use in many laboratories, and 
was the standard procedure in all 

H.M. Factories during the War. i.-ig. 9. partus for I- inch'. Meihoa 
When great accuracy is re- of Tiioxitie Dctciminaiion. 

quired, as for the standardisation 

of one of the more empirical methods given below, the procedure 
described by Finch ^ may be adopted with advantage. The 
apparatus employed is shown in Fig. 9. The flask b with its 
two stoppers are dried and weighed, and 20 to 30 gm. of the 
sample to be analysed is drawn by suction into the flask 
through the small side tube a. Both stoppers are put in place 
and the flask again weighed. The second half of the apparatus 
is prepared for use by filling the funnel c with water, and by 
pouring into the side tube d sufficient water to half fill it. By 
blowing at the open end of d the water is driven just up to the 
^ Z. ges. Schicss- u. SprengstOjffzv,^ 1910, 76 , 167. 

I 
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narrow part of the other limb, and is maintained there by 
keeping one finger on the open end. The stopper of the flask 
is then quickly withdrawn and the flask and fitted 

together. To decompose the oleum, water is dropped into the 
flask from c with the greatest caution. Every addition of a 
drop causes an expansion of the gas in the flask, but the 
water remains near the top of the inner limb of the 
and would have to be driven past the bottom before anything 
escaped. Cooling of the flask is of course necessary. When 
the requisite quantity of water has been added, the acid is 
washed out of the flask and and made up to a definite 

volume for titration or other analysis. 

V^ernon^ found that the first energetic reaction sometimes 
drove the water entirely out of the side tube, and to obviate this 
described a modification of Finch's apparatus. 

The methods of sampling and analysis employed by Messel 
are given in detail by Gaunt, Thomas, and Bloxam.- 

Whatever acidimetric method is used, care must be taken 
that the estimation of sulphuric acid is not vitiated by the 
presence of any other acid. Nitrous acid may occasionally be 
present but sulphur dioxide is most common, and although 
the percentage is frequently very small, the fact should be 
established that this percentage is insufficient to affect the 
results, for, as has already been pointed out, an error of i in lOO 
in estimating the sulphuric acid involves an error five times 
as great in the amount of free anhydride. The estimation 
of the sulphur dioxide offers no serious difficulty. Oleum of 
moderate strength can be run into water and the sulphurous 
acid determined by titration with iodine, or by any other 
appropriate method which is also applicable to the analysis of 
ordinary sulphuric acid. 

The results of the titrations are calculated to percentages of 
total SO3 present, the acidity due to sulphur dioxide being 
subtracted if necessary, and the free trioxidc is then calculated 
as vS'~4-444 (100 — 5), 5 being the percentage of total SO 3 . 
This calculation can be dispensed with by using the following 
table : — 


* C/tem. Zeity 1910 , 84 , 792 . 

2 /. Soc, Chem, Jnd,y 1907 , 26 , 1175 . 
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Percentages of Free and Total Trioxide in Oleum, 
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(ii) The Direct F.stiniation of Free Anhydride. — The free 
anhydride in oleum may be estimated very quickly by 
measuring the heat given out when sufficient water is added to 
hydrate it completely. To add pure water for this purpose is 
inadvisable, and to pass the oleum into water is to involve the 
production of a large proportion of the heat by the sulphuric 
acid present, as distinct from the free anhydride, Howard 
obviated this difficulty by mixing the acid with sulphuric acid 
of 92 per cent.^ A suitable volume of the 92 per cent, acid is 
run into a silvered vacuum vessel. A Thermos flask does very 


* /. Soc. C/tem, Ind.^ 1910, 20, 3. 
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well, or a cordite heat-test vessel. The temperature of this 
acid is taken, and an equal volume of oleum, the temperature of 
which is taken at the same time, is then poured in. The liquid 
is well mixed and the temperature noted which the mixture 
attains. Suppose are the observed temperatures of 

acid, oleum, and the mixture, the increase of temperature is 
calculated as 7=/^^ — + The tests should be carried out 

with a range of oleum samples which have been carefully 
analysed by the usual methods, and a curve of calibration 
constructed for the particular vessel, strength of acid employed, 
and other conditions of experiment. Once this calibration 
has been carried out, the method proves to be a very reliable 
and rapid one. It is surprisingly sensitive to small changes 
in free anhydride content, and is, in fact, a more certain 
indication of these, as between one sample and another, 
than is the acidimetric method, unless performed with 
extreme care. It works well for all oleum up to 30 per 
cent., but is not very convenient for stronger material without 
some modification of the procedure. Variations in the strength 
of the acid, say from 83 to 91 or 92, have hardly any effect. 
Howard showed that by using the method the other way 
round, />., by pouring first into the flask a known volume 
of oleum of say 20 per cent., and then adding sulphuric 
acid of any concentration under 100 per cent., it could be 
employed as a very rapid test for the latter. In this case, 
of course, free trioxide must be in excess throughout the 
experiment. 

Howard's method has been modified in detail with a view to 
providing a simple test which can be entrusted to workmen in 
the operation of plant.^ The simplest possible apparatus is 
required — an earthenware mug or jar holding about a pint, two 
glass cylinders holding each 200 c.c, and a thermometer, which 
is preferably protected by sealing into a light iron case perforated 
with holes at the lower end. To carry out the test, measure 
200 c.c. of sulphuric acid (92- 5 to 94- 5 per cent.) into the 
mug and have ready 200 c.c. of oleum in the cylinder. Take 
the temperature of each, and then quickly pour the oleum 
into the acid, stirring vigorously all the time. Note the 


^ Curtis and Miles,/. Soc. Chem. Ind, {Trans.)^ ^920, 39 , 64. 



PLANT TEST FOR FREE TRIOXIDE 


69 


maximum temperature of the mixture and reckon the 
increase 7 =/^ — (/^ + /J/2 as above. Reference to the table 
below gives the percentage of free anhydride: — 


Plant Test for Free Trioxide m Olenin. 
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Thcrcsultsfromthis table are correct to within ±05 percent, 
of free anhydride. For ordinary clear oleum the relation : 
Percentage of free trioxide = 0 658 ( 7 — 2) is very nearly correct. 
The strength of the diluting acid may vary from 92-5 to 94*5 
without any appreciable difference resulting. It is neverthe- 
less advisable to use the same acid consistently. The samples 
of oleum should be cooled, at least to 25°. It has been 
observed that in one case caution in using the method is 
necessary. The rise in temperature observed with oleum 
made from sulphuric acid recovered from the waste acid from 
T.N.T. nitration is always greater than with a clear oleum, 
or an oleum made from acid recovered from nitro-glycerine 
manufacture. 

In practice the “ Heat Rise ’’test as described in the fore- 
going has proved to be accurate and more rapid than any other 
test not requiring complicated apparatus. It may also be 
carried out in the inverse manner as a test for the acidity of 
ordinary acid, and as this rapid estimation is a desideratum 
in oleum plant work, as well as the estimation of oleum, 
the necessary data may^ be usefully quoted. In the case of 
sulphuric acid of 96 to 100 per cent. H0SO4 proceed exactly 
as before, with the exception that the acid must be 
poured into the oleum, which should be of not less than 20 
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per cent, strength. After mixing, the liquid should fume. 
(See p. 20.) 

In the case of sulphuric acid containing from 88 to 96 per 
cent. HoSO^, the test is best made by taking 300 c.c. of oleum 
(temperature /J and pouring into it 100 c.c. of the sample of 
acid (/J, stirring vigorously. If the maximum temperature 
is the increase is reckoned as / = ^ni“"(3^od"0/4> 


Plant Test for 96 to 100 per eeiit. SjtlpJiuric Aeid. 
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percentage is ascertained from a table similar to those given, 
and constructed from a graph drawn to represent the results 
of a number of estimations in the range required. 

Another method, which has been fully developed for 
estimating free anhydride directly, consists in determining the 
water necessary to reduce the oleum to 100 per cent, sulphuric 
acid. According to Setlik,^ 50 or 100 gm. are weighed out in a 
long-necked flask, and water is dropped in very slowly from a 
burette till the fuming has ceased. During the operation the 
flask must be well cooled. In order to observe the end-point, 
the flask must be agitated after adding each drop of water until 
the fumes have been entirely absorbed by the acid. When no 
fumes whatever are formed at the surface and a drop falling 
into the middle of the acid dissolves quietly, the end-point 
is reached. Acid of more than 35 per cent, must be previously 
diluted with monohydrated sulphuric acid, Setlik claimed 
that this plan is much more expeditious and quite as exact 
as the alkalimetrical way ; but the analytical proofs adduced 
do not bear this out, for there arc deviations up to 09 per 
cent, of free trioxide. 


* Chem . Aeit.y 1889, 18 , 1670. 
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A more recent examination of this method has been made,^ 
from which it appears that duplicate titrations agree very closely 
with each other, and that the results compare closely with those 
obtained alkalimetrically. The procedure recommended for an 
acid containing 20 to 40 per cent, of anhydride is the following. 
From 50 to 75 gm. of the sample are weighed into a 50 c.c. 
stoppered cylinder of thin glass, or a large stoppered test-tube. 
Distilled water is then run in slowly from a burette, with 
frequent vigorous shaking, so that the white fumes which form 
after the addition of water arc completely absorbed. From 
time to time air is blown through a glass tube across the surface 
of the acid, fumes being formed so long as any free anhydride 
remains. 'I'he fuming decreases towards the end of the titration 
and suddenly stops. The operation must be carried out in a 
good light and the temperature of the acid must be kept below 
40°, for about this temperature 100 per cent, sulphuric acid 
begins to fume, although it docs not fume at the ordinary 
temperature. In experiments in which the temperature was 
allowed to rise to 90"" and then fall to So'", the anhydride 
indicated by the test was about 2 0 higher than usual, f.r., 
34 per cent, instead of 32 per cent. 

It is of course possible to replace the water by sulphuric 
acid of known water content. Although the alteration is a 
convenient one and the rise of temperature is less serious, the 
disadvantage of working with a titrating liquid liable to change 
and not in any case of standard composition, more than out- 
weighs the gain. 

The electric conductivity can also be used as a measure of 
the sulphur trioxide concentration, and methods have been 
developed in some works. It is extremely rapid and can be 
applied to a slow continuous stream of either oleum or 
sulphuric acid, by suitable means. The apparatus may consist 
in essentials of a simple form of Kohlrausch bridge with 
appropriate resistances, telephone, and induction coil, connected 
to the conductivity cell in the usual way. The sample is 
poured into, or run continuously through the cell, or some 
simple form of immersion electrode may be dipped into the 
sample bottle, and a reading obtained on the slide-wire of 


' Parker,/. Soc, C/um, ImL {Trans\ 1917, 86, 693. 
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the bridge. This gives the required percentage at once, if 
a previous calibration of the bridge has been made with 
analysed samples. It is necessary in using this method to 
know in what region the results are expected to lie, or con- 
fusion may arise from the possibility that two samples of 
oleum of different concentrations (or three of sulphuric acid) 
may have the same conductivity. 

The Estimation of Arsenic in Oleum and Sulphuric Acid , — 
It is of the greatest importance in connection with the Contact 
Process to be able to determine regularly the small amounts 
of arsenic, not only in the oleum made, but also in the various 
acids used in the stages of purification and absorption. Two 
standard methods of doing this are available — the Marsh and 
the Gutzeit tests. In either case the difficulties connected 
with the purification of zinc should be avoided and the 
electrolytic method used, preferably in the form devised by 
Sand and Hackford.^ The apparatus is shown in Fig. lo. 
A is an external cooling vessel, B the anode compartment, and 
D the cathode compartment — a glass tube of ij-inch bore 
and 7 inches long, closed at the upper end by a rubber 
stopper and at the lower by a disc of parchment paper tied 
while wet over the rim of the tube with string. The leaden 
anode C is lid-shaped at the upper end in order to minimise 
the spraying, and in the cylindrical part which fits round the 
cathode tube a vertical slot 5 inches high is cut (S), so that the 
cathode may be observed. The bottom edge is bent inwards 
to form a rim on which the cathode tube (preferably supported 
on a glass triangle to give room for escaping oxygen) may 
rest Through the rubber stopper passes a funnel F and the 
cathode E. This is made of pure lead, and the lower end, 
which should almost touch the parchment diaphragm, is i inch 
high by f inch wide. In the drying tube G are placed {a) lead 
acetate paper, then calcium chloride, and (c) cotton wool. The 
hard glass tube required for the Marsh test is attached to the 
drying tube with a rubber stopper. 

To carry out a test 100 c.c. of a solution containing a 
little ferrous sulphate and stannous chloride and about i gram 
of the acid is poured into the cathode tube, the outer compart- 


J, Chem, Soc, Trans..^ 1904, 86, 1018. 
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merit having been filled with arsenic-free sulphuric acid of 
lo per cent concentration. A current of 5 to 6 amps, is 
maintained through the cell for thirty to forty-five minutes, 
the temperature being kept down to 15° to 20° by running 
cooling water through the outer jacket. The arsenic mirror 
is obtained and evaluated in the usual way, due attention being 
paid to blank tests. 



Fig. 10. — Aj)[r.iratiis for Flcclrolylic Marsh or Guizcii Test. 


Sand and Ilackford stated that with this apparatus 00005 
gram of arsenic could be detected with certainty in 50 c.c. 
of liquid. 

Instead of the Marsh procedure that of the Gutzeit test 
can be adopted, with a gain in convenience, for commercial 
sulphuric acids. The hard glass tube and burner are then 
replaced by a slip of filter paper impregnated with mercuric 
chloride or bromide, through which the gas is made to pass. 
Many modifications of this have been described, many of them 
having in view the adjustment of the impregnated paper. In 

K 
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one which can be recommended, that of Hibbert,^ the drying 
tube (which would replace G in Fig. lo) is made vertical and 
a simple spring clamp is used to secure a strip of paper between 
the upper ground end of the tube and a celluloid or vulcanite 
washer perforated with a 5 -mm. hole. In case the arsenic 
found exceeds the usual amount, the strip can be moved along 
when necessary during a test, exposing fre.sh paper each time. 
Another simple device — a rubber stopper half cut through — 
has also been notcd.- 

‘ J. Soc. Cht’m. hui.y 1916 , 35 , 672 . 

- Analyst, 1919 , 44 , 235 . 
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GAS-RKrKAT KQUILIliKIUM AND VELOCITY OF REACTION 

The reaction between sulphur dioxide and oxygen possesses 
not only vast technical importance but also great intrinsic 
interest. It has been investigated from many sides. Numerous 
series of experiments have been made to define the conditions 
under which the reaction will give good results in practice, 
and to evaluate the obtainable yields. From the scientific point 
of view also, the phenomena of catalysis at solid surfaces has 
always been a problem of the most vivid interest to chemists. 
The results of all this work, carried out with the principles 
of the Law of Mass Action always in view, present a mass of 
experience, both practical and theoretical, which is — even with 
many outstanding unsolved problems — one of the greatest 
achievements of chemistry. 

At the ordinary temperature and at any pressure so far 
employed, sulphur dioxide and oxygen are entirely without 
action on one another. Nor does increase of temperature 
alone appear to produce any direct action; some slight com- 
bination does certainly take place, but there is overwhelming 
evidence for believing that this is due in every case to the 
action of the surface of the inevitable containing vessel. It is 
true, also, that sulphur in burning gives some trioxide, but that 
this is formed from the dioxide and apart from solid surfaces, 
has never been shown. In general, to cause combination it is 
necessary to submit the mixture of gases to other forces. The 
passage of electric sparks or the silent electric discharge, for 
instance, cause formation of trioxidc. Ultra-violet light acts 
in the same way. 

The whole of the technical possibilities of the direct com- 
bination of these two gases lies in the influence which is 
exerted on them by certain solid substances. These substances 
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— known as catalysts — have the power of causing combination 
to occur, and retain at the end of the catalytic change the 
same chemical, if not physical, individuality they had at the 
beginning. Any solid substance which does not set up other 
chemical changes and so become converted into something else, 
seems to be capable in this case of exerting this catalytic 
influence in a greater or a less degree. Metallic oxides, silica, 
carbon, porcelain, kieselguhr, and many metals are all more or 
less efficient. Platinum has been found to act with a rapidity 
unsurpassed by that of any other substance. It is alone 
capable of exerting an influence sufficient to secure reasonably 
rapid combination at temperatures which must not exceed 
450^" by many degrees. Many other catalysts have been 
proposed for the reaction. Their properties and behaviour will 
be discussed later. Some of them possess sufficient activity 
at temperatures higher than 450'’, but the use of such high 
temperatures defeats the end in view. Platinum has no 
serious rival. 

Investigation of the phenomena of catalysis in systems of 
gases containing a solid phase has shown that the effect is 
largely a surface one. Although the mechanism of the process 
has to some extent been discovered, the actual cause and origin 
of the catalysis is not known to us. 

The available facts regarding this surface action will be 
discussed later ; for the present it is sufficient to define a 
catalyst in the well-known terms as a substance which, with- 
out appearing among the products of a reaction, alters its 
velocity. Objection may be made to this statement in the 
present instance, on the ground that, in the absence of a 
catalyst, the reaction has no velocity to alter; but this may 
be met, although perhaps in a rather artificial way, by 
admitting that the reaction does actually proceed, though 
with a velocity which is immeasurably small. 

A reaction between gases, however, does not usually go on 
until all the substances initially present have been used up, 
even although these were present, to begin with in the required 
molecular proportions. Frequently a point is reached beyond 
which combination cannot go, some of the original materials 
being still uncombined. An equilibrium is set up, at which, 
if the original reaction of combination be imagined to be still 
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in progress — as the kinetic conception of gases would imply — 
it must be balanced by the opposing reaction between the 
substances resulting from the first reaction, proceeding exactly 
at the same rate. The reaction we are dealing with is one 
of these, and the state of affairs mentioned has to be taken 
into practical account, for at temperatures which may be 
the lowest that can be maintained in practice, the point of 
equilibrium may be so unfavourably situated that a high yield 
of trioxide cannot be obtained. This is particularly likely to 
be the case when inactive catalysts are in use. 

The catalytic substances that may be selected vary greatly in 
composition and properties, but in every case — at a given 
temperature — the same equilibrium^ is reached. That is, 
starting always from the same mixture of sulphur dioxide and 
oxygen, the amount of combination will be the same, no matter 
what the catalyst. A moment’s reflection on the action of two 
catalysts at once in the same gas mixture, will show the 
impossibility of the same equilibrium 7iot being reached, and 
in addition there is, in connection with this particular reaction, 
considerable experimental proof. 

If this is borne in mind, and the condition of equilibrium 
is viewed as the balance of two opposing reactions, it follows 
that the influence exerted by the catalyst on the velocity of 
each reaction must be of the same order. Experiment is in 
accord with this. We should expect that any catalyst which 
would enable the two gases initially to combine, would have a 
corresponding tendency to dissociate the resulting compound 
into its components. Knietsch showed that this actually 
occurred. The combination of sulphur dioxide and oxygen at 
the surface of porous porcelain was of the same rapidity as the 
decomposition of sulphur trioxide under the same conditions. 
Platinum, wliich effects incomparably more rapid conversion, 
resolved the compound correspondingly faster. In the words 
used by Ostwald, the catalysis of a reaction may be recognised 
by the fact — a very evident and fundamental one for the 
present example — “that on account of the addition of a 

' Equilibrium in the gas removed from the immediate neighbourhood 
of the catalyst. There is some evidence that if the proportionate amount of 
catalyst is very high, the ecpiilibrium in the gas as a whole may not follow 
this rule. 
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catalysing material, the velocity with which a given reaction 
attains its state of equilibrium is more or less increased.*’ 

This is all that the catalyst can do. The particular 
equilibrium arrived at is determined, and the proportion of 
conversion of sulphur dioxide to trioxide is fixed, by conditions 
of temperature, pressure, and original concentration of the 
reacting substances. All these are quite independent of the 
catalyst. An active catalyst causes equilibrium to be reached 
very rapidly, a feeble one may require more than reasonable 
time, but in either case the maximum yield is that obtained at 
the equilibrium point. Hence it is of the greatest importance 
to have accurate knowledge of the equilibrium at various 
temperatures. Experimental work has been done with this 
in view, and will be described in a later section. The most 
active catalyst, platinum, is always used for such work to make 
certain that equilibrium is actually reached ; but the results 
depend only on the thermal properties of the gases themselves, 
so that the catalyst may therefore, for the present at least, be 
omitted from the discussion. 

The Has Rquilibriuvi. 

The statement that equilibrium is attained by balanced 
opposing reactions may be expressed symbolically : — 

2 SO. 4- O. ^ 2SO.5. 

The reaction from left to right gives out heat. Suppose now 
that a mixture of all three gases in equilibrium is raised in 
temperature. In accordance with the Principle of Movable 
Equilibrium, the system will adjust itself in such a way as to 
tend to neutralise the imposed change. In this case the 
tendency will be to absorb heat, which can occur only by 
sulphur trioxidc dis.sociating. Increase of temperature has thus 
established a new state of equilibrium, in which the yield of 
trioxide is less than before. From this elementary reasoning 
the fundamental problem of the contact reaction appears at 
once. The higher the temperature the worse is the yield. 
Good yields are therefore attainable in proportion to the 
activity of the catalyst, for the more active the catalyst, the 
lower its working temperature. 

The effect of increasing the pressure may be predicted in 
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the same way. Reaction in the direction of combination 
results in a smaller volume. Application of pressure to the 
whole system will therefore lead to the system tending to 
occupy less volume, more combination will occur. Increased 
pressure, therefore, helps the end in view, but the practical 
importance of pressure is small. In other reactions, such as 
the synthesis of ammonia, it may be of paramount import- 
ance. Attempts have been made to conduct the Contact 
Process under increased pressure, and patent specifications 
still view the possibility of doing so ; but, as will be seen later, 
the maximum possible gain is not sufficient to make such a 
technical elaboration worth while. 

As regards the proportion of sulphur dioxide and oxygen 
with which the reaction is begun, it is clear that according to 
the Principle of Mass Action, the more oxygen we have present 
originally, the greater will be the chance of forming trioxide. 
Excess of oxygen beyond that actually required for combination 
will therefore be an advantage. 

It remains now to obtain a quantitative and detailed 
expression for what has been discussed qualitatively and 
generally. If we express the proportions of oxygen, sulphur 
dioxide, and trioxide in the form of partial pressures, and if 
Z'oj’ /so,> /sO;j these partial pressures at cquilibrinvi, we 
have at a given temperature, according to the quantitative form 
of the Mass Action law: 



Kp being a constant at the particular temperature considered. 
Instead of partial pressures (in atmos[)heres) concentrations (in 
gram-molecules to the litre) are often used. Denoting these by 
equation becomes : — 


The form generally given in the literature involves A' as 
in (2), but for practical purposes percentages by volume are 
generally used, and these are more readily converted to partial 
pressures than to concentrations, so that partial pressures will 
be adhered to in this section for purposes of calculation. 
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Another change also is desirable, for the constants and 
AT^ have very inconvenient values which are not easily 
remembered. AT at 400"", for instance, is 7-81 X io“®, is 
4*32x10“^, and at Coo° is I•3XIO“^ In view of this it 
is convenient to adopt the form proposed by I labor : — 


/so. 


I 



(3)- 


In this is greater than unity for all but very high 
temperatures, and in addition, its value is the higher, the 
more favourable the equilibrium to trioxidc formation. Even 
at the lowest temperatures that can be used, docs not 
exceed the hundreds numerically. The connection between 
the three functions is a simple one, for instead of the usual 
form of the equation of state 


pv = RT 

we may write 

C’ “ ^ ^ 


in which p is measured in atmospheres and C is the number 
of gram molecules in i litre; T is the absolute temperature, 
and the value of R for these units is 0 0821. From this and 
the three equations given 


k 


r 



I 


/ 

^ 0*082 1 T 


a a 

S<.) o. 


I 

^/oo 82 1 


(4). 


At every temperature k^ will have an individual value, and 
to determine the relation between and k^ several series of 
measurements have been made, of which the most satisfactory 
are tho.se of Bodenstein and Pohl. They will be discussed in 
a later section together with the method of utilising them. 
Curve V. of Fig. ii has been plotted from these data. It is 
once apparent that k^ decreases very rapidly as the temperature 
rises, and since from (3) a low value of k^ implies a low ratio of 
trioxide to dioxide, temperature is seen at once to be the factor 
on which yield is most dependent. The equilibrium partial 
pressure of oxygen has also a certain influence, and it 
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can be seen that from a given mass of dioxide, more trioxide 
will be formed by increasing without altering any other 
factor. 

But to obtain these results more clearly and to view 
generally the most important question of the fractional yield 
obtainable under equilibrium conditions, it is necessary to 
transform (3) and write it in terms of the mitial concentrations 
of the three gases. Let a be the initial percentage of dioxide 
by volume, and b that of oxygen. Also let the conversion be 
expressed as the fraction .r. Then when equilibrium is attained 
ax \2 volumes of oxygen have disappeared, and the partial 
pressures arc : — 




a{ \ - a) 
100 - ax' 2 




100 - ax 1 2 


h - ax 2 
100 - ax .2 ’ 


so that, ecjuation (3) takes the form. 



I 

I b - ax 2 
\ 100 ax 2 


( 5 )- 


There is no ready means of solving this for ,r, i.c., we cannot 
use it to find out what conversion will be obtained for a given 
temperature and value of and with a given gas mixture. 
VVe can, however, assign various values to a, b, and .r, and find 
what values would represent these conditions, and con- 
sequently the temperatures at which they would hold. 

The results of some calculations made for this section are 
set out in the table on page 82. 

Three cases have been taken into account : (i) A mixture 
containing 5 per cent, of dioxide and 15*9 per cent, of oxygen, 
approximating closely in composition to a 5 per cent, gas 
mixture in a plant where sulphur is burnt, and such as might 
be drawn into the converters of a Grillo or similar plant ; (ii) 
a similar mixture containing 7 per cent, of sulphur dioxide 
instead of 5 ; and (iii) a mixture containing 7 per cent, of 
dioxide and only 10 4 per cent, of oxygen — a probable com- 
position for gas drawn from pyrites-burners. The comparison 
of (ii) and (iii) is interesting on account of the smaller proportion 
of oxygen which results in case (iii), when pyrites is used 
instead of sulphur to produce the same concentration of sulphur 

L 
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dioxide as before. The method of calculation used for finding 
being known, will be discussed in a later section. 

The figures are shown graphically in Curves i., ii., and iii. of 
Fig. II in which k^ is also represented. From these curves a 
clear idea may be gained of the influence of temperature and 
of the proportion of oxygen on the yield, which under ideal 
conditions (/>., with an ample sufficiency of catalyst) is the 
maximum that can be reached. Temperature is dominant. To 
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obtain 98 per cent, conversion with a 5 per cent, mixture the 
temperature must not exceed 455^ Maintaining a temperature 
50° higher, the maximum yield falls to 947. It is in the 
region between 430'' and 460'' that the contact action of 
platinum is usually said to proceed most efficiently. The 
increasing downward slope of the curve is significant. The 
further the temperature rises, the more rapidly does the equi- 
librium diverge from success. If, for instance, the temperature 
is 520° — a point reached in practice under certain conditions, 
a further rise of 50° reduces the conversion to about 85-5 per 
cent. — a fall of 7 6 per cent, instead of about 3-3 per cent, in 
the former case. 

Curve ii. for the 7 per cent, sulphur-burner gas is very 
similar in form, and indeed lies very close to the first, although 
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slightly below it. The two curves are almost parallel through- 
out the region in which they are drawn. Slightly less conversion 
is to be expected, therefore, from the 7 per cent, mixture, and 
the difference between the conversions of the two mixtures will 
be the greater, the higher the temperature and the more un- 
satisfactory the general result, on account of the increasing 
downward slope of the curves. Within the usual technical 
range, the differences in conversion between the two cases are 
practically very small. 

Curve iii. carries the matter further. The oxygen content is 
diminished to 10-4 per cent. Even in this case, with only two- 
thirds of the oxygen present in the first case, the yield does not 
fall more than i per cent, below that of the first case (5 per cent, 
mixture) until 475° has been exceeded, and not until 505" is 
reached does the conversion fall i per cent, below that in the 
second case (7 per cent, mixture). 

Under technical conditions the enrichment of a gas mixture 
from 5 to 7 per cent, might conceivably cause overloading of 
the catalyst and consequent incompleteness of reaction, but 
it should be emphasised that the addition of more sulphur 
dioxide to the gas mixture would have no effect on the 
equilibrium yield at all if the cquilibriuvi partial pressure of 
oxygen remained the same as before. To illustrate this, take 
the case of mixture (i) ; the partial pressure of oxygen at 
equilibrium is . Suppose the conversion is 95 per cent. — 

^ i5.9-o-47Sx5^ 

100-0.475x5 

If now the sulphur dioxide is increased to 7 per cent., p^^^ 
becomes — 

0.475 X 7 
100-0.475 X 7’ 

and if b is made equal to 16-7 (which could be actually done, of 
course, only by adding oxygen), has the same value in 
both cases. A glance at equation (5) shows that so long 
as p^^ remains unchanged the yield will remain the same. 

Curve V. is inserted to show what would be the result of 
working with pure oxygen instead of air and burning sulphur 
to produce a 7 per cent, mixture as before. The departure 
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of this curve from the others is considerable ; but even in this 
impossibly favourable case the gain does not exceed 13 per 
cent, of conversion within the limits 430"" to 460°, between which 
contacts of an efficient type usually work. 

It is of some interest to follow the effect of decreasing the 
oxygen rather further than is shown by Curves i. to iii. This 
may be done by plotting more similar curves, but the results 
are more conveniently seen in the curves of Fig. 12 in 
which, for several temperatures, the initial oxygen percentage 
is plotted against the percentage yield. The initial percentage 
of dioxide has been taken throughout as 7. At 440^ and 460° 
the curve is almost a linear one. The oxygen can be reduced 
to 6 per cent, without more than 2 per cent, of conversion 
being lost. But below 6 per cent, reduction causes con- 
version to fall more and more rapidly until 3*5 per cent, is 
reached. Here at 440“^, with the proportion of oxygen 
demanded by the simple chemical equation, the possible yield 
is only about 91 per cent. As the temperature rises the 
reduction of oxygen has an increasingly greater effect. It 
may therefore be expected that, so far as the equilibrium 
conditions are concerned, with gas mixtures containing usual 
amount of dioxide (5 to 8 per cent.) the insufficiency of oxygen 
will have little result, if the temperatures arc favourable, until 
this gas and the dioxide have equal partial pressures. At 
temperatures higher than 460° the effect would be more 
considerable. Considerable variations do certainly occur in 
practice without any harmful result. The same conclusion 
can be deduced from the figures of the tables on page 86, which 
are taken from the paper of Bodenstein and Pohl. 

In the foregoing the assumption has been made throughout 
that the difference between 100 and the combined percentages 
a and b consisted in every case of nitrogen. This gas does not 
participate in the reaction, and we should expect its action to 
be only to dilute the reacting gases — to lower the values of 
a and b under the root sign in (5), and thus decrease the 
equilibrium partial pressure of oxygen. Any inert gas would 
act in the same way. To test this and other conclusions, a 
series of experiments was made by Kniet.sch.^ Mixtures of 

* Ber, des Internationalen Kongress fiir, angew, Chem,^ *903) 1 , 614 . 
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Fig. 12. — Relation between Equilibrium Yield and Initial Oxygen Percentage 
for a 7 per cent. Mixture. 
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Eqmlthrhim Yield of Sulphur Dioxide and Oxygen. 
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Equilibrium Yield of Burner- Gas diluted ivith Air. 
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various composition containing as diluent, nitrogen, carbon 
dioxide or water vapour, were passed at a constant rate over 
platinised asbestos. The experimental method will be referred 
to later. The experiments were made in pairs so that the 
diluted mixture and the same mixture without the diluent were 
passed successively over the catalyst until constant conditions 
were obtained. All other conditions were carefully held 
constant. Some of the results are given below: — 




Temp. 

"C. 

Before Ileaction. 

After Ileaction. 

Cun- 

Con- 
version 
per cent. 
Calcu- 
lated. 

No. 

Gaa Mixture. 

Per 

cent. 

HOo. 

Per 

cent. 

O2. 

Per cent. 
Diluent. 

Per 
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Oo. 

K,. 

version 
per cent. 
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la. 

Stoichiometric mix- 
ture . 
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66.7 

33*3 


2-84 
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The two experiments denoted by ib may be instanced. 
The first of these dealt with burner-gas from an adjacent 
plant and was carried out with great care. Small frequent 
fluctuations occurred, but over a long time the composition 
of the mixture was said to be very constant. From the 
analysis of the converted mixture in the first experiment the 
constant was found by means of the equation : — 


K 


pi p 

m p , or ^ p 

so./ o., ^ so. 


Pso • being the calculated percentages by volume of the 
constituents of the equilibrium mixture. The percentage yield 
may be written as: — lOO ^soj / (^so3"b^^so.) therefore 

equal to — 


lOO .V 


loo 

I + 


so that and x are calculated from one experiment. Since 
is constant x may also be inferred for the conjoined experiment 
made with another gas mixture at the same temperature, if 
the partial pressures of oxygen are determined by the 
analysis in each case. In the table the actual and calculated 
yields are compared in this way in three cases, nitrogen and 
carbon dioxide being the diluents. The agreement is a good 
one, and it is evident that the effect of dilution can be foretold 
with success. Corresponding experiments were carried out with 
water vapour, but water has a specific action on the catalyst, 
and its action is exceptional. 

Knietsch also investigated the effect of pressure in the 
same way. A glance at equation (5) or the equation given 
above shows that increase of pressure increases the concentra- 
tion of dioxide and trioxide in the same ratio and affects the 
result by raising the value of . The experiments bore out 
this conclusion and proved beyond doubt that the Mass 
Action equation could be relied on here also. The results 
are given on page 88. 

Increase of pressure and dilution with inert gases have the 
same effect in opposite directions. Whichever is the com- 
plication one can always find the three equilibrium partial 
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Pressuro. 
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Before Reaction. 

After Reaction. 
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pressures for a given conversion and hence, as in the case 
of the calculations outlined on p. 8i the value of Xy From 
the curve (v.) of Fig. ii, knowing /ty f is then found, and 
a few repetitions of this calculation soon define .r and t in 
the range required. 

The experiments of Knietsch which have been quoted 
were probably carried out in connection with a very well-known 
instance of the use of diluted gases. The oxidation of 
naphthalene to phthalic acid by means of sulphuric acid 
gives immense volumes of sulphur dioxide mixed with carbon 
dioxide. The gas is returned to contact plants and reoxidised, 
the other constituent having very little influence on the result. 
Another case which might arise is that of the burning of the 
spent oxide from gas purification, which contains a large 
quantity of carbonaceous matter. 

Velocity of Reaction. 

The foregoing discussion of the equilibrium in the gas- 
reaction of the Contact Process has shown that the dominant 
factor in the completeness of conversion is the temperature. 
It has throughout been supposed, if not expressly stated, that 
the amount of catalyst was amply sufficient for the work in 
hand. In practice, however, the maximum obtainable yield 
is governed by many factors. The chief is the equilibrium 
which obtains at the temperature employed, because the 
percentage yield corresponding to this cannot, in any 
circumstances, be exceeded. But if the weight of catalyst 
employed is to be, as always is the case, no more than is 
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necessary, another factor requires consideration — the rate at 
which the gases can be combined, independently of the 
percentage yield ; in other words, the weight of trioxide 
which, say, i lb. of catalyst will produce in an hour at a 
given temperature. 

In any given case these two factors are always at work 
together, and a very clear presentment of their joint action 
can be seen in the curves which were attached to Knietsch’s 
classic paper of 1901. Taking first Curve i of Fig. 13, which 
represents the catalysis of 300 c.c. (per minute) of a typical 
pyrites burner-gas containing 7 per cent, of dioxide, 10 per 
cent, oxygen and 83 per cent, nitrogen, it can be seen that, as 
the temperature of the catalyst rises from 200'' to 400'', the 
degree of conversion rises, rapidly at first, then more slowly 
until a maximum is reached about 410°, when very nearly 
total conversion is attained. At temperatures lower than 
410*" the catalyst effects only incomplete conversion, i.c., the 
temperature is too low to allow of the necessary velocity of 
reaction ; as it becomes hotter it converts more rapidl)^, and 
at 410"' is capable of nearly complete conversion of all the 
gas passing through it. Above 410° the curve takes a down- 
ward slope towards the region of higher temperature. The 
rate of reaction, t.c\, the amount of trioxide which unit weight 
of platinum can form in a minute continues to increase (this 
will be shown more clearly below), but the equilibrium 
becomes more and more unfavourable and the maximum 
possible percentage yield smaller and smaller. Similar 
behaviour is manifested by the other curves 2, 3, 4, and 5, 
which represent greater volumes of gas passed over the 
same amount of catalyst as before. In each case, as in 
No. I, there is a maximum of conversion at which the 
opposing effects of increasing rate of reaction and decreasing 
equilibrium conversion are balanced ; but the maximum is less 
satisfactory for each case in turn, and a curve drawn through 
the points of maxima, slopes downwards to the right. This 
occurs because, to cope with each additional load, the catalyst 
must be given additional activity by being made hotter, and 
the hotter it becomes, the less satisfactory is the final result. 
Curve F, obtained with ferric oxide as contact-mass, falls also 
into this series. The right hand branches of these curves arc 

M 
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all very close together. This means that, as the temperature 
increases beyond the usual range, the percentage conversion 
becomes more and more dependent on temperature and less 
on the relative weights of gas and catalyst ; the velocity 
obtained is so high that all the experiments yield nearly the 
same result. There is an enormous excess of catalytic power 
at temperatures which are too high for it to be useful. 

We can check these conclusions by calculating from the 



4 - 10 ® 430 ® 450 ® 470 ® 490 ® 510 ® 


Fig. 14. — Relation between Temperature and Amount of Conversion. 

maxima of the curves the weights of sulphur dioxide which 
unit weight of platinum was just able to convert in the several 
experiments. The platinum used was 0-5 gm. In this way we 
obtain the following : — 


Rate, litres per min. . 

0-3 

I-O 2*5 

7-5 

20-0 

Per cent, conversion 

100 

97-5 94 

00 

73 

Temperature .... 
Grams SO2 converted per minute 
by I gm. pt. 

410® 

0.15 

430" 450" 

0-37 0-90 

480*^ 

515** 

2-5 

5.6 


These figures are shown graphically in Fig. 14. The catalytic 
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power not only increases, but increases more and more rapidly 
as the temperature rises. At the same time the percentage 
conversion falls — more rapidly than it would if the conditions 
were those of equilibrium. This is shown by the upper curve, 
which corresponds to the dotted curve of maxima in Fig. 13. 

Knietsch also presented his results in a somewhat different 
form, as in Fig. 15. Each curve in this case corresponds to the 
relation between conversion and amount of platinum (or time 
of contact with a constant quantity). The relative time required 
to attain a certain conversion at a given temperature can at 
once be read off. At 300° the maximum conversion is not 
attainable under the conditions of the experiment within the 
time indicated. As temperature rises high conversions are 
reached more rapidly, until at 450° the curve is at first almost 
coincident with the vertical axis of the diagram. This curve 
reaches its maximum before any other curve does so, and 
the maximum stands as high as any other. In this is the 
foundation of the oft-repeated empirical statement that the 
platinum contact chambers of a Contact Plant work best 
at 450®. Further information — a tabulation of the various 
weights of sulphur dioxide which are converted by one pound 
of platinum in different plants, will be found in Chapter IV. 

The velocity of the sulphur dioxide-oxygen reaction was 
investigated by Bodlander and Kdppen.' The same subject 
was taken up by Bodenstein and Fink in what has now become 
one of the classical studies of heterogeneous cataly.sis.“ These 
investigators passed the mixture of gases, carefully dried over 
sulphuric acid, into a hard glass tube containing a roll of 
platinum gauze. Special precautions were taken to detect any 
accidental poisoning. The rate of reaction was observed by 
measuring the decrease of pressure, the volume being kept 
constant. In order to obtain easily measurable velocities, the 
tube was maintained at some temperature between 155° and 
248°, and most of the experiments were made at 248®. 

The results obtained have very considerable bearing on 
the chemical mechanism of catalysis by platinum, and will be 
more fully discussed in connection with the nature of this 
phenomenon, in the next chapter. It may be noted for our 

^ Z. Elektrochem,^ 1903, 9, 559, 787. 

^ Z.physik, Chem,^ I907j 60 , i. 
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present purpose, that the reaction did not proceed as a gas 
reaction between three molecules might perhaps be expected 
to do, but followed a course which may be represented by — 

dx _ ,{a — x) 

di ~ 

in which a is the amount of dioxide (in molecules per litre) 
originally present and x the amount converted in t minutes, 
k being a constant. In other words the rate of reaction after 
t minutes had elapsed was directly proportional to the 
amount of dioxide remaining and inversely proportional to 
the square root of the trioxide formed. The reaction was 
accordingly found to slow down as the trioxide accumulated 
in the system, and — what is more remarkable — the concentra- 
tion of the oxygen was without any influence whatever within 
wide limits. If, however, less oxygen was present than the 
ratio 2 SO 2 ; Oj, the function k no longer remained constant 
and the rate of reaction became abnormally slow. It has 
previously been pointed out that above a limit rather higher 
than this the concentration of oxygen has only a slight 
effect on the yield attainable at equilibrium, and that at this 
point defect of oxygen begins to make itself felt in this case 
also. We are therefore justified in thinking (if Bodenstein’s 
results can be interpreted for a higher temperature in the same 
sense), that in any usual case, alteration in the proportion of 
oxygen can have only slight influence on the reaction, either 
from the point of view of velocity or from that of equilibrium. 

The temperature coefficient of the reaction was found to 
be 1-22 for every 10 °. 

Determination of the Equilibrium Constants, 

In the foregoing discussion reliable values of the equilibrium 
constant at various temperatures have been taken for granted. 
Since such values are essential for precise knowledge and 
calculation, it is of great interest to record the methods which 
have been employed and to compare their results. 

Knietsch was the first investigator to obtain quantitative 
information regarding the equilibrium. His results are 
presented, with much other matter relative to the Contact 
Process, in his lecture to the German Chemical Society of 
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1901.^ His object was rather to ascertain what proportion of 
dioxide in various gas mixtures could be converted with 
a given quantity of platinum at speeds comparable with these 
technically necessary, than to determine the exact equilibrium. 
The usual “dynamic” method was employed, the gas mixture 
being passed through a tube heated in an electric furnace. 
The first half of the tube was empty and served to preheat the 
gas; the second half contained 05 gm. of platinum on 5 to 
10 gm. of asbestos. 

The results of these experiments have already been 
discussed. It is clear that they are not available as a whole 
for the purpose in view, but there is some evidence that at the 
lowest rate of passage (Curve i, Fig. 13) the platinum was 
sufficient to secure equilibrium. The conversion was practi- 
cally 100 per cent, at 400'’ so that sufficient platinum must have 
been present to secure equilibrium at higher temperatures, for 
if the temperature were above 400'', the catalyst must have 
been even more active. From this scries of results a series 
of equilibrium constants was calculated by Bodlander and 
Koppcn - and by D’Ans.'^ The results of D’Ans, recalculated by 
Haber for are given in the next table. Two otl\cr measure- 
ments, made by sealing up gas mixtures with platinum in glass 
tubes, were reported from the work of the Farbiucrke Hochst 
about 1902, but differ widely from accepted values. 

Measurements were also made by Bodlander and Koppen 
by a novel method designed for the end in view. Two similar 
quartz vessels, each containing a roll of platinum wire-netting, 
were filled, one with air, the other with the gas mixture under 
examination. Both vessels were heated to the required 
temperature, and in each case the pressure inside the vessel 
was allowed to equal one atmosphere. The temperature was then 
allowed to fall to about 410", so that the combination of the 
sulphur dioxide with oxygen became practically quantitative. 
In the case of the vessel containing air the contraction was 
due solely to cooling ; in the other it was due also to 
combination, and the corrected contraction was a measure 
of the amount of trioxide dissociated on heating from 410° 
to the temperature used. 

* 1901, 84 , 4069-4115. - Z. Elektroche?n,y 1903, 9 , 787. 

^ Haber, Thermodynamics of Technical Gas-RcactionSy 1908, 193. 
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It was stated that temperatures higher than 650'’ could 
not be employed on account of absorption of oxygen by 
the platinum. The gas mixtures all contained more than 
30 per cent, of sulphur dioxide. The following figures given 
by Haber show the results, together with the values calculated 
from Knietsch's work. 


450 

500 

515 

533 

6 cx) 

6 io 

650 

700 

800 

900 


kp (BiMilander). 

kp (Knietscli)- 

... 

1877 


72-3 

65-4 

28*4 (average) 

14-9 

10-6 (average) 

(4-45 ?) 

4-84 


i- 8 i 

... 

0-57 



The two sets of values are in fair general agreement. It 
is possible to test their consistency, although not their accuracy 
as a whole, by calculating from them the molecular heat of 
formation of trioxide (at constant pressure). This quantity 
is related to by the equation — 

(log,, k) _ Qf, 
dT " zRT-' 


R being in gram - calorics, which on integration and with 
common logarithms becomes — 


log - log 

^10 / ^10 / 



in which T and T' are two absolute temperatures not so far 
apart that changes considerably from one to the other. 
Bodlander and Koppen ^ found that by this test Knietsch's 
figures gave very irregular values for the reaction heat. His 


' Writing concentration terms, they calculated the values of hy 
the usual expression involving /tf., viz., log^A' ' — -- 

2^, however, is a quantity of more practical interest and in the case of 
this reaction has the advantage, for such purposes as the above, of being 
far less variable with temperature than is Q^, Of course Qp-^Q^, + o»()()T. 
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series of results cannot therefore be accepted for the purpose 
in view. Their own figures give the reaction heat as 26-3 
kilocalories between Sis'" and 553°» practically the same 
between 553° and 610°, but between 610° and 650° it appears 
to have risen to 31-2. An experimental disturbance is known 
to have interfered with the equilibrium determination at the 
higher temperatures. These investigations, therefore, do not 
provide us with what we want. 

The later investigation of Knietsch has already been noted 
(see p. 86). The experimental method was an improved one. 
Gas mixtures from an adjacent plant were used. Their com- 
position was not constant but averaged the same over different 
periods of test — usually of an hour each. The electric furnace 
for heating the catalyst worked with alternating current in 
such a way that current and intensity of heat were far more 
nearly proportional than in the older types using direct current. 
Great care was taken to secure constancy of the experimental 
conditions, and the plant gases were led over the heated catalyst 
for fourteen days before it was used, l^ach experiment lasted 
eight to ten hours. Samples of gas before and after conversion 
were passed into iodine solution, and the excess of iodine 
estimated. Particulars of most of the results have been given. 
Another series was made with burner-gas mixed with its 
own volume of air, at 430", 560’, and 640^ The collected 
results are given in the table on p. 86. Just as in the first 
series of 1901 Knietsch was concerned more with the yield 
obtainable under stated conditions of temperature and rate 
of flow than with the actual equilibrium. The second series 
probably exceeds the former in precision. 

The most reliable data we have for the equilibrium functions 
are due to the work of Bodenstein and Pohl.^ For a full 
description of these careful and elaborate experiments reference 
should be made to the original paper. A brief account of the 
method employed will be of interest. 

Pure oxygen was generated by electrolysis of a solution 
of potash or barium hydroxide and was freed from traces of 
hydrogen by passage over palladium. The rate of evolution 
of oxygen could be satisfactorily regulated by adjusting the 
potential applied to the electrolytic cell. Sulphur dioxide 
^ Z. ElecirochetHy 1905, 11, 373. 

N 
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was liquefied and the containing vessel was immersed in a 
bath, the temperature of which was raised by means of an 
automatic regulator as the atmospheric pressure rose, so 
that the additional pressure of gas remained the same, 
whatever the atmospheric pressure might be. The sulphur 
dioxide was allowed to leave the containing vessel by 
one or more calibrated jets, the capacities of which were 
proportional to the numbers i, 2, 4, 6, and 15. By using 
various combinations of these jets almost any desirable rate 
of flow could be obtained. The gases so obtained were mixed, 
nitrogen or air being added when required ; the percentage 
of sulphur dioxide was estimated in a sample withdrawn from 
the main stream, and the mixture was then passed into the 
reaction tube. This was of quartz and was constructed with 
two bulbs, each filled with platinised asbestos. The first served 
to ensure almost complete combination, and the gases, on 
reaching the second, in which final equilibrium was attained, 
gave out or absorbed scarcely any heat, so that the conditions 
were in favour of an even temperature in the second bulb. 
Bodenstein and Pohl point out that, since the ends of an electric 
furnace are in general cooler than the centre, combination 
of dioxide and oxygen may occur towards the end of the 
tube, where the temperature is lower than the thermocouple 
indicates. They believe that the earlier results of Knietsch 
were vitiated in this way, and provided against this source 
of error in their own experiments by making their bulbs of 
small length in comparison with their diameter, and making 
the tube by which the gases left the reaction vessel of very 
small bore. If the fact that temperature diminishes from 
centre to end of the furnace is borne in mind, it can readily 
be seen that these investigators, by altering the position of 
their reaction tube relative to the furnace, could make cither 
the first or the second tube the hotter, and could therefore 
cause final equilibrium to be approached by a slight combination, 
or a slight dissociation, respectively. 

After reaction the gases were again analysed, in this 
instance by estimation of their contents of dioxide and of 
total acid. The results so obtained were sufficient for cal- 
culating conversions, and were in excellent agreement with 
the preliminary check analyses. As an instance, the figures 
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for the experiments carried out at 727° C. are reproduced 
below : — 


T (al)H.). 

Uirectlon. 

Itatlo (initial) 

2 S().. : <)o : No. 

“ - “ 

INt cniit. 
Conversion. 

i 

1003 

c: 

c 

0-21 

I 

0 

5 'J-C 

3-49 xio--^ 

1001 

0-54 

I 

0 

53-6 

3-51 0 ! 

1000 

c 

0*62 

I 

0 

52-2 

3-59 >. ; 

1000 

c: 

1. 14 

I 


44-4 

3-44 0 i 

1000 

c 

c 

1-20 

I 

0 

43-7 

3 - 4 » .. 

1000 

1*32 

I 

0 

42*3 

3-07 „ 

1000 

c 

1-68 

I 

0 

37-2 

3 -So 0 

1000 

c 

1-68 


0 

37-1 

3-52 „ 

100 1 

c 

3-97 

I 

0 

20*8 

3-67 „ 1 

998 

c 

■ 1-23 

I 

3-76 

35-3 

3 *t '2 „ 1 

997 

c 

, 1-23 

I 

3 - 7 ^> 

35 -« 

3 - 5 « 0 ' 

lOOI 

c 

I- 3 I 

I 

3 - 7 ^> i 

1 34*1 

3*54 0 1 

1001 

c 

1 1-53 

I 

3 - 7 ^) ' 

32*3 

3-52 „ 1 

1000 

D 

1 0‘53 : 

I 


SI-4 

3-43 0 ! 

Mean, 3-54 x io-^| 


In column 2 “C” denotes that equilibrium was attained 
by a slight combination, i.e., the second bulb was the cooler. 

D denotes the reverse. The series of equilibrium constants 
obtained in these experiments is remarkably even ; such 
variations as do exist are due mainly to slight differences of 
temperature between one experiment and another of the same 
series. The initial proportions of the gases cover a wide range 
and the investigators conclude with the remark : “ The equili- 
brium of the Contact Process obeys the demands of the principles 
of Mass Action and of thermodynamics in such an excellent way 
that it can serve as one of the best examples for illustrating them.’* 
The complete series of results is set out below. Given 
originally in terms of A',, they have been calculated to /Cy 


Equilibrinifi Co 7 istafits — Bodensteiu. 


1 

1 

kp fouiul. 

kp calculated. 

Qp kilocalories. 

528 

31-3 

31-6 

] 

579 

(527 

13-8 

^>54 

13-4 

6-56 

^2 2-8 (600°) 

680 

727 

3-24 

I -860 1 

3.16 

1-840 

1 1 22-7 (700°) 

789 

0-956 

0-979 

J- 22-6 (800°) 

832 

0-627 

0-642 

897 

0-358 

0-355 

J 
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It will be seen that the reaction heat at constant pressure 
increases about loo calories for every lOo” decrease of tempera- 
ture. At about o° it should therefore have a value about 23-4, 
which is not very far from Berthelot’s value of 22-6 at iS*". 
Bodenstein and Pohl represent their observed values of A", by 
an equation^ derived from that of Van’t Hoff, in which the 
constants are obtained from the values of the reaction heat 
allowance being made for the variation of this quantity 
with temperature. The correspondence between calculated and 
observed values is very close, and in view of the approxima- 
tion of the known and calculated values of the reaction heat at 
ordinary temperatures, the equation should be valid throughout 
the whole range in which it is required. 

Transformed to make use of the function the equation 
is (with common logarithms) — 

log/l'^ = — + 0-6 1 1 log T - 6.7497 . . . (1). 

This expression accordingly represent^ our most complete 
and reliable knowledge of the equilibrium constant, but it is 
unfortunately useless for finding T (the absolute temperature 
at which any given equilibrium will hold), and the process 
of calculation outlined on p. 81, where we begin with a given 
gas mixture and assume a certain conversion, cannot be com- 
pleted by its means. Haber has suggested the use of the 
following : — 

log k = - 20.4 . . . (2). 

From this T can be calculated, but the equation is not very 
accurate, for the reaction-heat is supposed to be constant. The 
simplest method is nevertheless to make use of it and correct 
the values obtained from it for the divergence of the equation 
from (i). The corrections which must be added to T obtained 
from Haber’s equation in order to bring it to the value which 
is involved in (i), are given below to the nearest 0 5^ C. 

Haber’s T 400° 420° 440° 460® 480° 500° 520° 540" 560” 580” 600“ 
Add . 9 8*5 7*5 7 b 5*5 5 4 3*5 3 2 


\0v7x 

' log, - 2-222 log, T + 14-585. 
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The curves of Fig. 1 1 connecting and f and showing 
the conversions attainable with various gas mixtures have 
been obtained by calculation and correction in this way. 

Although the measurements which have been described are 
undoubtedly the best data we have regarding the equilibrium, 
it will be noticed that the lowest temperature at which any series 
was made is 528'', and that consequently the values we require 
have to be obtained by extrapolation in the most important 
region. The work has much to give us confidence in the 
extrapolation, but some satisfaction can nevertheless be derived 
from the fact that the extrapolated values, and those deduced 
from Knietsch’s second set of experiments, agree fairly well. 

^ 430 ^ 400 ' 470 400 ' 500 ' 040 “ 

Knietsch (observed average) . 252 135 86 63 18 5 

k^ (B. and P.) calculated . . 232 122 94 64 16 5 

A comparison with the first series of Knietsch shows a wide 

divergence, and in most cases the constants are not even of 
the same order. It is interesting to note that these deter- 
minations (which have been widely accepted) are, according 
to Rodenstein and Pohl, inaccurate by 15° at 500°, and by 
an increasing amount as the temperature rises; by 26’ at 
600°; 50' at 700'; and so on. In every case Knietsch’s 
figures overestimate the possible conversion. It has been 
pointed out that the conditions under which the experiments 
were made — uneven temperature along the reaction tube — 
would cause more complete combination to occur at the cool 
ends than in the hot centre. 

Bodenstein’s figures are quite discordant with those of 
Bodlander and Koppen, but agree well — an interesting point 
in connection with the general nature of catalysis which 
has been already touched on — with those obtained by Lunge 
and Reinhardt, over ferric oxide. 

The Effect of Uetra-vtolet Light. 

The reaction between sulphur dioxide and oxygen is 
catalysed by ultra-violet light, and a stationary state is reached 
in which, as in the thermal equilibrium, the opposing reactions 
of combination and dissociation are balanced. This ‘‘photo- 
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stationary state,” however, may be, and is in this case, markedly 
different from the thermal equilibrium. 

The matter was studied by Coehn,^ who found that 
oxidation of sulphur dioxide occurred at the ordinary 
temperature. The same influence, also at room temperature, 
causes the trioxide to split up in the absence of oxygen, and 
form dioxide and oxygen. Quartz glass tubes were filled with 
the gases and exposed to the rays in the axis of a mercury 
lamp of special design, so that they received radiation from the 
lamp on all sides. The temperature was regulated by immersing 
the lamp in water, and by passing water through the space 
between the inner quartz tube and the reaction tube. 

At about 50° the reaction was found to be a comparatively 
slow one, but raising the temperature increases its rate very 
greatly. Data from experiments made at 50'' and 160° are as 
follows : — 






Timo. 

llatio S( 

Filial i»rr 
(•Hit. SO;. 

Tim(‘. 

Ratio SO.j/o 

l-'inal per 
’■ cent. SO;;. 

5 mins. 

1.6 

i 

20-0 ; 

5 mins. 

06 

2-5 

15 » 

i.f 

39-5 

15 X 


1 3-<) 

I hour 

1*3 

(»6-o 1 

I hour 


2 .S -7 

2 hours 

1-2 

95-0 

S hours 

: 1-3 

fjo -7 


1*3 

f)8-o i 


! 

1 



The conversion of 65 per cent, obtained after one hour is 
not much increased by further exposure — the ** photo-stationary 
state” has been reached. At 160'' if the theritial equilibrium 
could be attained — for instance by a much more active catalyst 
than any so far discovered — the conversion would be practically 
100 per cent. It is clear that the two equilibria differ widely. 
The same point, as regards the photo-chemical change, was 
reached by exposing trioxide sealed up in a quartz tube to the 
rays — about 35 percent, of the trioxide was dissociated. Other 
experiments made clear the very remarkable fact that increased 
temperature, although increasing the reaction velocity and 
consequently the rate of approach to equilibrium, did not 
cause the equilibrium to shift in either direction. For any 

' Z,J)hysiL Chem,^ 1907, 18 , 545, and 1910, 70 , 88. 
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given gas mixture the conversion is independent of temperature, 
and it is therefore possible at high temperatures to obtain 
higher yields by the photo-chemical than by the thermal method. 
For instance, at 800° if thirteen volumes of oxygen arc present 
to one of dioxide, 80 per cent, is converted. The thermal 
conversion gives only 44 per cent. Experiments made with a 
lamp more adapted to technical development showed conversion 
ranging from 67 to 90 per cent, according to the SO2/O2 ratio, 
the rate of passage being lOO to 150 c.c. of gas per minute. 
The temperature coefficient of velocity was found to be about 
1*2 for 10'' — nearly the same as for a thermal catalytic process. 

The contrast between the action of a solid catalyst and of 
the ultra-violet rays is a most interesting one. It is evident 
that the rays are capable of doing work in opposition to the 
chemical forces, for at the lower temperatures the equilibrium 
could have moved, by the action of platinum, to a point 
representing further combination and loss of free energy. It is 
not easy to estimate the possibility of the process becoming 
technically important. Success would depend on a more 
economical production of the rays than is possible at present. 
Coehn passed 6 amperes through his lamp. The position of 
the photo-stationary point depends on the intensity of the 
illumination and appears to move towards more complete 
conversion as the intensity falls. Coehn and Becker, in a 
patent for the use of this method (Ger. P. 217722), state that 
the intensity of the light must be as small as possible, and the 
lamps must not be of the type most appropriate for lighting 
purposes, but must be worked with a small pressure of mercury 
vapour. By reducing the light the velocity of reaction is 
reduced also, and to increase this the system is heated to 300'’ 
or so. Burner-gas may be employed. 

The application of ultra-violet light to this reaction has also 
been the subject of other patents ( 13 . P. 10881 of 1904; 17520 of 
1908). Although it is at present a matter mainly of scientific 
interest, it would be rash to say that its technical development 
is altogether improbable. 
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CATALYSIS AND CONTACT-MASS 

Part I. — Catalysts and their Action. 

The property of catalysing the sulphur dioxide reaction is 
possessed by practically all solid substances which do not 
melt or vaporise at the temperature of reaction, in greater 
or less degree. Smooth glass surfaces have a very slow action, 
porcelain and silica a more rapid one, and between the 
activity of these comparatively inert substances and that of 
platinum all gradations could, if necessary, be provided by 
various metals, their oxides and salts. 

It would not have been possible to discuss the gas reaction 
fully in Chapter III. without indicating the general behaviour 
of platinum as a contact material. On account of its pre- 
eminent position the discussion of this metal and the various 
contact-masses made with it will be deferred until the ground 
has been cleared by consideration of the general nature of 
catalysis and the properties and general behaviour of other 
catalysts. 

Phenomena and Theories of Catalysis. 

The selection of a catalyst for a given chemical reaction 
has been, and still is mainly empirical. There is no certain 
method other than trying as many substances as possible, and 
the patent literature show that such trials have been widely 
if not altogether thoroughly made. There are, nevertheless 
signs that general principles may emerge from the mass of 
facts to form a guide to the applicability of catalysts. The 
physical phenomena which accompany catalysis at solid 
surfaces, and indeed are an essential part of it, are becoming 
more widely known. A brief account of the theories which 
have been advanced, and the salient facts on which they are 

104 
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based, may therefore be of use. It will be restricted to the 
reaction in view. 

The earlier workers had no difficulty in explaining the 
catalytic action of such substances as ferric oxide, for the 
supposition that ferric sulphate was being formed and decom- 
posed simultaneously was a very plausible one, supported by 
much evidence. The intermediate compound-theory could 
not be so readily applied to platinum. Platinum was 
generally supposed to have no affinity for oxygen at the 
temperature of the reaction, and to act by condensing the 
gases in its pores. The theory that a transitory platinum 
oxide was the active agent was first suggested by Engler and 
Wohler,^ who found that platinum black contained an oxide 
which acts as an oxygen-carrier in certain reactions. At first 
a peroxide of platinum was supposed to be present in platinum 
catalysis ; later on it was claimed that the ordinary oxide 
PtO had all the required properties. Some years later it 
was proved- that the substance PtO could not exert any 
effect at the usual temperatures of the reaction, since it was 
reduced to platinum by the sulphur dioxide before the reaction 
was well begun. Reduction is appreciable at 130'’ and very 
rapid at 400^ Even before reduction has set in, the action 
of the oxide is only about one-fifth as vigorous as that of the 
metal. Platinum oxide as the active agent must therefore be 
excluded, and it is difficult to suppose that oxide, the 
formation of which is exothermic, can function in this way. An 
endothermic oxide, however, might have the function of an 
oxygen-carrier, and would tend to increase in amount as the 
temperature rose, so that catalysis would increase with 
temperature as is of course the case. It was suggested that 
such an oxide may dissolve in the platinum in a state of solid 
solution, the gas also being soluble.^ On this assumption the 
function of a catalyst is to form a solid solution in which the 
reaction proceeds. 

' Z, anorg. Cheni,^ 1901, 29, i. 

- Wohler, Foss, and Pkiddemann, />Vr., 1906, 89, 3538. 

^ Bodenstein argued that no endothermic compound could be present 
since the catalytic activity of plaiinum decreased above a certain tempera- 
ture, but there is no evidence of such decrease, only of a continuous 
increase if activity be estimated by the weight of gas converted {Z.physik, 
Chem,^ 1907, 60, 43). 
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A novel suggestion was put forward by Wieland,^ who found 
that palladium black, in the absence of oxygen, oxidised moist 
sulphur dioxide. It is known that traces of water are essential 
for the catalysis by platinum, and is suggested that this 
water is alternately dehydrogenated and reformed, 

SO, + H ,0 — > SO3 + H„ 2H, + O, — > 2 H, 0 , 

oxygen being always present in the usual case. 

In the other case which has been much discussed — that 
of ferric oxide — it was known that the catalyst forms more than 
one compound with the trioxide produced. Ferric sulphate 
decomposes in the same temperature range in which the oxide is 
active as a catalyst. It was therefore very natural to suppose 
that the interaction of the oxide, oxygen, and sulphur dioxide 
gave ferric sulphate, 

2Fe,03 + 6SO, + 3O,— >2F0,(SOd;;, 

which was considered as simultaneously decomposing into 
ferric oxide and sulphur trioxide, a state of equilibrium in 
which the opposing reactions are balanced being established 
at each temperature. Another series of changes also con- 
sidered as possible, is given in the equation — 

3Fc, 03 + SO, — >-2Fe30^ F SO3, and 4Fe30j + O, 6Fe,03. 

There is no doubt that these reactions did actually proceed 
under suitable conditions, and in fact they appear to be 
important in the operation of iron oxide contacts ; but that they 
were in themselves the means of producing catalysis was by no 
means certain. The subject was investigated by Keppeler and 
D’Ans,- who determined the conditions of equilibrium for the 
gases above ferric oxide and measured the partial pressure of 
trioxide produced by the dissociation of the sulphate. The 
experimental method was to pass mixtures of sulphur dioxide 
and air or nitrogen, corresponding to technical mixtures, over 
the heated catalyst. Absorption of sulphur dioxide and 
oxygen together begins at about 230°, and is rapid enough at 
500'" to allow the gas equilibrium to be studied. It was found 
that the concentration of trioxide was always higher than that 

' Ber.^ 1912, 46 , 685. 

2 Z. angew, Chefn.y 1908, 21, 532 and 577 ; Z,physik. Chem,^ 1908, 62 , 89. 
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corresponding to equilibrium with the dissociating sulphate; 
in other words, that sulphur trioxide forms first and combines 
afterwards. The rate of formation of trioxide is far greater, 
below 640°, than the rate of formation of the sulphate. 
Sulphur dioxide alone has no chemical action on the oxide 
below 600'', and acts only very slowly at higher temperatures, but 
this gas is found to be absorbed by the oxide to about the 
same extent as by platinum. The conclusion is, therefore, that 
the chemical transformations which ferric oxide may undergo 
into ferric sulphate and similar compounds, have little to do 
with its catalytic action. 

We are therefore driven back, even in this instance, where 
the intermediate chemical compound is known certainly to be 
present during the catalysis, to some physical explanation of 
the catalytic effect. Faraday, in 1834, was the first to suggest 
such an idea. He thought that the/eacting gases were absorbed 
bodily into the metal. J. J. Thomson suggested that capillarity 
is the cause of the effect, which is therefore a surface 
phenomenon. The idea that catalysis by solids takes place in 
the condensed layer which is formed by the attraction of the 
reactants to the surface, />., in the adsorbed material, has 
proved not only defensible but fruitful. Adsorption is a well- 
recognised phenomenon and there is considerable evidence 
connecting it with catalytic action. In many cases the surface 
of the catalyst is submitted during the reaction to powerful 
forces, and a rapid alteration may take place, resulting as in 
the case of the platinum gauze used for the oxidation of 
ammonia, in a drastic pitting and sprouting of the whole 
surface,^ Wohler and others who examined the contact 
action of various oxides of chromium, copper, aluminium, and 
titanium believed that the catalytic efficiencies of differently 
prepared specimens of the same oxide were in proportion to 
their adsorbing capacities, but found that this relation did not 
hold when different oxides were compared. More recently 
very interesting work by Taylor and Burns‘S has established 
that there are a number of cases in which catalytic activity is 
correlated with the absorption of one or both of the reactants. 
The adsorption of hydrogen, carbon monoxide, carbon dioxide, 

* Imison and Russell,/. Soc, Chem. Ind. {Trans,\ 1922, 41 , 40. 

/. Amer, Chem, Soc., 1921, 48 , 1273. 
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and ethylene by finely divided nickel, cobalt, iron, copper, 
palladium, and platinum is a specific property, quite different 
in nature from the adsorption by inert adsorbents such as 
charcoal. The amount of adsorption is a function of the 
mode of preparation and is less pronounced the higher the 
temperature at which the reduced metal is made. In the 
instances of nickel and hydrogen, and of copper and carbon 
monoxide, adsorption increases rapidly with partial pressures 
up to 300 mm. and beyond this point becomes practically 
constant. Destruction of the catalytic activity by over- 
heating) is accompanied by almost complete suppression of the 
power of adsorption, and the adsorptive capacity may be taken 
as an indication of the temperature at which the reaction 
can be carried out. 

We may now revert to the study made by Bodenstein 
and Fink of the velocity of reaction of the sulphur dioxide- 
oxygen reaction catalysed by platinum,^ already referred to in 
Chapter III. It will be remembered that the velocity at 248° 
was found to be independent of the oxygen concentration, and 
proportional to the concentration of the unconverted dioxide, 
and that as the amount of trioxide accumulated the velocity 
slowed down. If it is supposed that the trioxide formed is 
concentrated on the surface of the catalyst by adsorption, the 
reacting gases would be forced to penetrate this layer to be 
catalysed, and the reaction would be retarded ; and since the 
amount of a substance adsorbed depends generally on the 
concentration, the higher the concentration of trioxide the 
greater would be the retarding effect. It was proved by actual 
experiment that sulphur trioxide vapour is adsorbed by 
platinum, although, probably on account of slight poisoning, 
constant values could not be obtained. It is known that 
sulphur dioxide is also slightly adsorbed. 

The temperature coefficient of the reaction was found to be 
1-22 for 10^. In chemical reactions which occur in solution the 
rate of reaction is approximately doubled for every 10° increase 
of temperature. It is even found that the coefficient is about 
the same as this for reactions in solution which are catalysed 
by colloidal metals, e.^., the decomposition of hydrogen 
peroxide by colloidal platinum. Clearly catalysis at the 
* Z. physik. Chem,^ 1907, 60 , i. 
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platinum surface in the gas-reaction must be retarded by some 
factor which is absent in other reactions. This factor can hardly 
be the adsorption itself, for adsorption is known to occur with 
extremely great rapidity, and we are forced to assume that 
the governing condition is the rate at which the gases can 
diffuse through the adsorbed layer on the surface of the 
catalyst. Diffusion processes are known to have a much lower 
temperature coefficient than typical chemical reactions. 

This view of catalysis need not be restricted to platinum, 
for Keppeler and D’Ans arrived at practically the same con- 
clusions in regard to ferric oxide, and Berl ^ found the same 
phenomena evident in the case of arsenic pentoxide ; the 
reaction coefficient was i-2i between 295"* and 340® and 1-19 
between 340 ’ and 380° for each increase of lo"". 

Adsorption in solid catalysis is not so much a theory as a 
fact. Without in any way cxplainitig the catalysis it gives 
us a clearer picture of the interaction of the substances 
concerned. There are well-known cases of catalysis in which 
the assumption of intermediate chemical combination can and 
must be made, to give a reasonable explanation, but this 
does not appear to be such a case. The subject is a wide 
one, of steadily increasing interest and importance. No 
attempt has been made here to answer the question — What 
is the nature of the catalytic influence? — or, Is adsorption 
itself due to the attraction of chemical valencies ? The 
Radiation Theory, the nature of the absorption layer and 
kindred subjects are beyond our scope. 

Physical Conditioi of the Catalyst . — Since catalysis is a 
phenomenon depending on solid surfaces, the state of the 
surface — its extent and accessibility to the reacting gases is a 
matter of the highest importance. There is a great variety of 
methods of making this surface as large as possible, ranging 
from simple abrasion of the massive substance to deposition in 
a state of extreme division on a more or less porous, inactive 
support. A good example of this variety is seen in the pro- 
cedures possible in the case of vanadium oxide — a substance 
which not only has considerable importance for the contact 
process but is the basis of the more recent method of oxidising 
naphthalene to phthalic acid, and is of almost general appHca- 
* Z. anorg, Cheni.^ 267. 
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bility for catalytic oxidations. The oxide can be broken up 
and used in the massive state ; it can be deposited on an inactive 
support such as asbestos by soaking the support in ammonium 
vanadate solution and heating, or the massive oxide can be 
caused to sinter and pit by previously heating under the con- 
ditions of its actual use, to a temperature higher than the 
normal, acquiring a greatly increased activity. 

This sintering effect is a very frequent one, and is generally 
associated, in the case of very finely divided substances, with a 
loss of activity and not with a gain, as in the instance just 
quoted (in which, it should be noted, the original material is 
very coarse). The metals copper, gold, silver, platinum, 
palladium, and iron have each, in a fine state of division, 
been observed to show incipient melting at temperatures far 
below their melting-points.^ 

Now, each of these metals is the more active, the lower the 
temperature at which its compound is reduced, that is, in all 
probability, the less the opportunity given to the particles to 
coalesce in the observed way during the reduction. On first 
using a finely divided platinum catalyst abnormal activity is 
often shown. This may well be due to the evolution of 
occluded gases, leading to still further division of the surface. 
As the catalyst continues in use the activity falls to a steady 
and normal value. It is most probably due to the very high 
melting-point of platinum that the activity of this metal can 
remain unimpaired for so long, the temperature required for 
appreciable sintering to occur being unusually high. 

The methods of producing a fine stage of division, and 
the production of the various supports, will be given with 
the description of the various contact substances in use. It 
is advisable to conclude this general treatment of the subject 
by a brief discussion of the influence of impurities on the 
contact reaction between sulphur dioxide and oxygen. 

Influence of Water Vapour . — Striking observations were 
made on this subject by Russell and Norman Smith in 1900.^ 
They found that even at the ordinary temperature certain 
oxides — manganese and lead peroxides, ferric and chromium 
oxides — would each cause sulphur dioxide and oxygen to unite 

^ Wright and Smith,/. Chem. Soc. Trans.^ 1921, 119, 1683. 

2 /. Chem, Soc. Trans. y 1900, 77, 340. 
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in proportion to the extent of surface presented. The amount 
of combination, in the case of a precipitated oxide, increased 
as the substance dried in the air, or was moderately heated 
to dryness. Manganese dioxide was found to convert 20 per 
cent, of the sulphur dioxide present. In all cases gaseous 
oxygen was taken up and not merely passed on from the 
metallic oxide to the sulphur dioxide. 

When any of the materials had been dried by means of 
phosphorus pentoxide for several days no combination took 
place. It might seem that this were due to the removal of the 
film of water on the surface of the oxide, the reaction taking 
place in this film, if it were not that platinum at 450'" shows the 
same behaviour. Platinised pumice was heated at 400"^ to 450°, 
and oxygen was passed over it and over pentoxide, back and 
forwards for three weeks. Sulphur dioxide was dried at the 
same time. On mixing the gases and passing them over the 
platinum the action was so slow that a perceptible diminution 
of volume took place only after twenty-four hours. The many 
striking instances of the indispensability of water in chemical 
reactions which arc to be found in the work of Baker come at 
once to mind. 

It has often been asserted, as will be seen in connection with 
arsenic, ferric, and vanadic oxides, that the drying of gases 
so far as it can be carried by concentrated sulphuric acid, 
is advantageous, but that further drying with phosphorus 
pentoxide, as in the experiments of Russell and Smith, 
leads to diminished activity. The question arises whether 
the presence of water is unfavourable to the action of 
platinum when considerable amounts are present. In 
practice, the presence of water may imply that sulphuric 
acid, and other deleterious substances, are reaching the 
contact-mass from the burners, and it is known that water 
has of itself an injurious action. Knietsch, however, in 
his second paper, recording the experiments on the in- 
fluence of inert gases on the gas-equilibrium, gives data of 
two runs made with burner-gas to which had been added 
water vapour. 


Per cent. SO2 in Gas. 


Per cent. Water Vapour 
Added. 


Couverbiuii. 
Fouud. Calculated. 


7-2 

6-6 


13-5 

267 


96.4 

96-8 


96 - 6'| ry,o 

97 - 5 -< 


= 460® 
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(For the method of finding the calculated values, see Chapter 
III.). It should appear that water had little influence on the 
equilibrium at this temperature. We have no data to decide 
whether it alters the velocity. So far as experiments on a small 
scale are concerned, it is certainly possible to work with dried or 
undried gases without any difference in the performance of the 
platinum,^ but in practice the effect of water is always a bad one. 

The Poisoning of Catalysts . — It is impossible to complete a 
survey of the physical phenomena of this branch of catalysis 
without reference to the subject of catalyst poisoning. Platinum 
is extremely sensitive to the action of certain substances, very 
small amounts of which seriously impair its activity or suppress 
it altogether. This fact constitutes the outstanding difficulty of 
the Contact Process as a technical operation. The investiga- 
tions of Bredig and others on the decomposition of hydrogen 
peroxide by colloidal platinum, and the effect of traces of 
“ poisonous ” material are at once recalled. A concentration 
of iodine equal to 2 x io-« was in that case sufficient to reduce 
the activity to one half. 

The most dangerous and frequent poison is arsenic. Its 
action on the catalyst is to a great extent a permanent one, 
and although more or less satisfactory means have been 
devised to re-induce activity in the platinum, a severe dose 
of poison always involves the recovery of the platinum from 
the contaminated mass. How the arsenic and other poisons 
find their way to the catalyst, and the means of preventing 
them doing so, will be discussed at a later stage (Chapter VI.). 

Chlorine, iodine, hydrochloric acid, silicon tetrafluoride, 
sulphur, and lead sulphate have each an adverse action ; but 
we are hardly justified, in the strict sen.se of the word, in calling 
all these substances poisons, for there are two methods in which 
the activity of the catalyst can be reduced in this way: first 
by the access of a substance which has a specific poisoning 
action, and secondly by a deposition of solid matter on the 
catalyst, which hinders the diffusion of the reacting gases to 
its surface. It would appear that compounds of arsenic 
antimony, tellurium, and selenium have a permanent specific 
action ; chlorine and hydrochloric acid a temporary one ; and 
that the other substances exert mainly a mechanical action, 

' Reese, y. Soc. Chem, Ind., 1903, 22 , 351. 
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although too little is known of the subject for this classification 
to be laid down at all rigidly. 

There is no generally received explanation of this specific 
poisoning effect. In the view of OpP a glassy coating was 
formed on the surface of the platinum of the compound 
AS2O3, 3SO3, which had been found occasionally in the dust 
chambers of pyrites burners. Bodenstein has recorded the 
speculation that the influence of the poisons on the adsorption 
of the trioxide at the surface may be the underlying cause. In 
mild cases of poisoning there may be mechanical adherence 
of impurity which hinders diffusion ; but to account for drastic 
cases this assumption is not sufficient, and it is probable that 
the poison increases the adsorbing power of the catalyst for 
the trioxide, and hence slows the reaction down. Since adsorp- 
tion and surface tension are in close connection, and the 
absorption of the poison can hardly fail to affect the surface 
tension, it is claimed that there is nothing improbable in this 
explanation.- 

As we have little information on catalyst poisons in the 
Contact Process beyond the mere fact that they act, any 
explanation will be received with reserve. An investigation 
into the poisoning of platinum in relation to the adsorption 
of the oxides of sulphur would probably give most interesting 
and useful results. Of the work which has so far been done 
that of Maxted on palladium bears most closely on our present 
object, and as it cannot be passed over by anyone seeking for 
an explanation of platinum poisoning, a brief account of it will 
be given. 

Maxted*^ first of all measured the volume of hydrogen 
which was taken up at the ordinary temperature by palladium 
which had been dehydrogenated in a vacuum at loo^ On 
admitting hydrogen sulphide to the palladium it was rapidly 
absorbed and (except for a slow secondary absorption) no 
more was taken up after a few minutes. The hydrogen 
sulphide could not be removed to any great extent by exhaustion 
at the ordinary temperature, and the metal had lost all power 
of absorbing hydrogen. On heating the poisoned palladium 

^ Che7n 1905, 287. 

“ Bodenstein and Fink, loc, cii. 
y. Chetn, Soc, Tf ans,^ 1919, 116 , 1050. 
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to icxf in a vacuum, hydrogen was evolved and the sulphur 
remained in the metal. 

In this way the influence of the retained sulphur on the 
occlusive power for hydrogen was determined, and it was found 
that the relation between the two was approximately linear, 
and that each gram-atom of sulphur rendered almost exactly 
4 gram-atoms of palladium incapable of occlusion, the remainder 
of the metal behaving as usual. There was not sufficient 
evidence for the assumption that the complex is the chemical 
compound Pd4S. 

We have therefore for the first time a quantitative formula- 
tion of the poisoning action, so far as it affects the occlusive 
power of palladium. If lead is the poison the relation is the 
same, and in this case the poisoning not only causes the 
occlusion to diminish, but also the power of the palladium to 
catalyse the hydrogenation of oleic acid. Both occlusion and 
catalysing power are proportional to the amount of catalyst 
unaffected by the poison. The same amount of lead, however, 
has a greater effect on the catalysis than on the occlusion ; 
for instance, 01 7 gram-atom of lead is required to reduce the 
occlusion to one half, whereas about 0-02 gram-atom is sufficient 
to affect the catalysis to the same extent. Occlusion by 
palladium is probably, therefore, not confined to the surface. 
Catalysis, on the other hand, appears to be a surface occurrence.^ 

This relation having been established, the poisoning action 
of lead, mercury, sulphur, arsenic, and zinc, on the hydrogenation 
of oleic acid by both platinum and palladium has been dis- 
cussed. Throughout the range from the point where no poison 
is present to that where the activity of the catalyst disappears 
entirely, the relation between the amount of poison and the 
activity remains linear,^ and we may infer that the occlusive 
power would be affected in the same way as before. 

We are perhaps hardly entitled to conclude that the 
poisoning of platinum in the contact process may be viewed 
exactly in the same way ; but these important results neverthe- 
less provide us with a very excellent working hypothesis which, 
failing the results of any direct investigation, is more valuable 
than anything which has hitherto been suggested. It is difficult 

^ y. Chem, Soc. Trans,^ 1921, 119 , 1280. 

^ y. Chem. Soc, Trans,^ 1920, 117 , 1501 ; 1921, 119 , 225. 
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to avoid speculation whether arsenic forms in platinum a 
complex similar to that given by sulphur in palladium. The 
investigation on these lines of the effect of arsenic (say in 
the form of oxide) on platinum, from the point of view of 
the Contact Process, would be of great interest and could 
hardly fail to give — what may be known but have not been 
revealed — quantitative data for the poisoning. 

Ferric Oxide. 

Ferric oxide has played a considerable part in the develop- 
ment of the Contact Process, and is still in commercial use in 
plants of the Mannheim type. Compared with platinum it is a 
very inactive catalyst ; but this disadvantage is partly outweighed 
by its cheapness, which allows any desired quantity to be used 
without great initial expense, and to be renewed at frequent 
intervals. 

A rough idea of the great inferiority of ferric oxide to 
platinum can be gained by glancing at the curve F of Fig. 13. 
At about 550°, when 0-5 gm. of platinum are converting 30 litres 
of gas per minute to the extent of 70 per cent., a very much 
larger amount of the oxide (there is no record of this amount) 
can only convert half a litre to the extent of 46 per cent. In 
the Mannheim plant the conversion is first partially carried out 
to 40 per cent, or so by means of ferric oxide and is then more 
or less completed by platinum. It is usual to have about 30 
tons of oxide to 4 or 5 lbs. of platinum. Further details will be 
found in the description of this type of plant. 

The formation of sulphur trioxide by the catalytic action of 
this substance was investigated by Lunge and Pollitt.^ They 
found that the percentage conversion was not sensibly affected 
by changing the dilution from 2 to 12 per cent., though above 
this the conversion falls off. The mixture of gases to be used 
must be as dry as can be obtained by thorough treatment with 
sulphuric acid. Neglecting this precaution, the contact action 
not only decreases, but the mass has to be treated for a long 
time with the dry mixture before it recovers from the “ poison- 
ing” action of the moisture. The same effect is obtained by 
using oxide which has been exposed to the air and has therefore 
absorbed some moisture. 

* y. Soc, Chem, Ind,^ I903) 22, 79. 
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The residue from the burning of pyrites, or ferric oxide 
obtained by heating hydroxide, was found to be much more 
efficient than that made by ignition of either of the sulphates 
of iron, the reason being almost certainly that the physical 
state of the former materials was superior. The addition of 
copper oxide was found to be favourable to conversion. 
Arsenious oxide is completely taken up and retained by the 
oxide at a high temperature (the best temperature appeared 
to be about 700°). Considerable quantities of arsenic can be 
absorbed in this way, and if the mass contained 275 per cent, 
of elementary arsenic it showed a contact action 60 per cent, 
in excess of the pure oxide. The same conclusions were 
found to apply to oxide containing copper. The best tempera- 
ture was found to lie between 600° and 620''. l^elow 600° the 
action was very slight ; above 620"' it decreased until a certain 
point was reached and then remained constant until 750'", after 
which it again fell. The conclusions in regard to temperature 
were confirmed by Lunge and Reinhardt,^ who obtained a 
maximum yield of 70 per cent, at 625°. The action was 
perceptible at 400°. 

The question of the obtainable yield at various temperatures 
is a somewhat complicated one, for besides the gas reaction 
there is also the possibility of absorption of trioxide by the 
sulphate, or of the evolution of trioxide from it. On heating 
ferric sulphate in an atmosphere containing trioxide, trioxide 
will be evolved from the sulphate up to a point where its partial 
pressure in the gas is equal to the dissociation pressure of the 
sulphate. This point will be reached, assuming that all the 
trioxide is not removed as it forms, before all the sulphate 
has decomposed. It is consequently unnecessary to work at so 
high a temperature that the sulphate has all dissociated ; one at 
which the partial pressure of trioxide is equal to the dissociation 
tension is all that is required. If the temperature falls below 
this point, the trioxide will be absorbed by the iron oxide. 
If, without altering any other condition, the concentration 
of dioxide passed over the catalyst is increased, the 
temperature must be raised also, for otherwise the increased 
partial pressure of trioxide would cause further combination 
with the catalyst. 


^ Z. angew, Chem,^ 1904, 1 * 7 , 1041. 
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The calculation of the optimum temperature for various gas 
mixtures was carried out by Keppeler and D’Ans,^ to whose 
work reference has already been made. They measured the 
dissociation pressure of the trioxide above ferric sulphate at 
various temperatures by a dynamic method. Nitrogen was 
passed slowly over the heated oxide, removing the gaseous 
products of the dissociation — 

Fe,(SO,)3 FePa + 3SO., 2SO3 + 0.,, 

SO that the partial pressure of trioxide, and also the equilibrium 
between the three gases, could be determined. The equili- 
brium was found to be in good agreement with the data given 
by Bodenstein. The partial pressure of trioxide in double 
equilibrium with the other gases and with the sulphate was 
found to be i mm. at 550°, 15 mm. at 640'’, and 109 mm. 
at 72o'\ From these data, by a special method involving the 
assumption that the partial pressure of oxygen does not change 
very much, the following yields and “optimum” temperatures 
for various gas mixtures were obtained: — 

Per cent. SO.j. 2. 3. 4. 7. 

Temperature . . . 629" 640° 650’ 665'' 

Yield .... 72*5 ... 6yO 53*2 

The.se data may be taken to indicate the yields possible 
under ideal conditions. Yields in practice are never so high, 
for the process is not one capable of nice regulation, and ideal 
conditions are much more remote than in conversion by 
platinum. 

The question of the absorption of arsenic by the oxide and 
its effect is one of considerable interest. Arsenic in the form 
of oxide is taken up very readily from hot burner-gases by 
pyrites cinder, and the work thrown on the purification system 
of the plant is in some degree lessened. But it is not thought 
desirable to allow too much arsenic to accumulate. In practice 
some of the oxide is replaced at frequent intervals, and the 
percentage of arsenic in it is kept down, often to 2-5 per cent. 
In Lunge's second paper quoted, the question of the influence 
of ar.senic was resumed. Pyrites residues charged with arsenic 
were found in the best case to have about the same conversion 

^ Keppeler and D’Ans, Z. angew. Chem,^ 1908, 21, 532 and 577. 
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as pure ferric oxide, and the conclusion that arsenic has a 
favourable influence was confirmed by the observation that a 
70 per cent, yield could be obtained at 625° from ferric arsenate. 
Arsenic pentoxide was found to possess strong catalytic 
powers even when free from iron. The most rapid action was 
at 675°. Copper, it may be mentioned in passing, was found 
in the experiments to have no influence in small amounts and 
an adverse one in greater quantity. 

In continuation of this work, arsenic pentoxide as a 
catalyst was examined by BerU The substance was employed 
in some cases as a smooth layer on the inner surface of a 
glass tube, but usually in a porous and granular form, and 
the velocity of combination was observed from the fall in 
pressure of the gas mixture at constant volume. The catalytic 
power of the oxide at first decreases, and then acquires a 
constant value with an activity comparable to that of ferric or 
vanadium oxide. Moisture in the gases over and above that 
left after sulphuric acid-drying is deleterious, but the more 
intense drying produced by phosphorus pentoxide is also to 
some extent injurious. 

In the Mannheim plant {q.v.) the ferric oxide catalyst is 
usually contained in tall square brick-built shafts with an 
entrance from the pyrites kilns at the bottom. The gas 
ascending is cooled in its ascent, and the temperature of the 
oxide varies from top to bottom of the shaft. It is certain that 
long contact with the catalyst is necessary to equilibrium 
(Haber expresses a doubt whether equilibrium has so far 
ever been obtained), and under these conditions of varying 
temperature the higher results of the various investigations 
described are hardly to be expected. A conversion of 
40 per cent, with a burner gas of 5 to 7 per cent. SO2 is 
a good one. 

It is always found in practice that a contact-shaft of new 
oxide requires long heating to bring it into condition. The 
conversion obtained from it is dependent on the careful 
preliminary drying of the air admitted to the kilns. The con- 
clusions of Lunge and others are thus borne out by practical 
experience. It is sometimes stated that overheating of a 
contact may cause loss of activity owing to reduction of the 
* Z. anor^, Chem,^ 1905, 44 , 267. 
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mass to magnetic iron oxide, a change which was thought by 
Lunge to play a considerable part in the action of the catalyst. 
This has never been established. 

Many proposals have been made to improve the action of 
ferric oxide as a contact substance. It has been proposed to 
mould the oxides of iron and copper or chromium into briquettes 
with clay, and to place these in the contact-shaft (B. P. 11792 
of 1901). It is difficult to see what would be gained by these 
means, and more interest attaches to the plan of converting 
part of the cinders removed from the bottom of the shaft into 
sulphate by moistening with sulphuric acid and then replacing 
them at the top. This material gradually passes down the 
shaft and the sulphate formed is dissociated, giving rise to 
a finely divided oxide which is said to be more active than 
the cinder variety (Ger. P. 163835). The formation of briquettes 
of the oxide by the use of sulphuric acid has also been proposed, 
possibly with the idea of avoiding the dust which is so trouble- 
some in practice. 

By mixing ferric oxide with the oxide of barium or 
strontium, and heating in air, substances are obtained which 
are said to have high catalytic power. Their catalytic action 
is said to begin at 400” and to produce a 94 per cent, 
yield at 450°. It is claimed that the sensitiveness to water is 
not so great as in the case of ferric oxide alone (U.S. P. 
1018402 of 1911). 

The Badisc/ie Company claimed an advantage in the use oi 
iron, copper, or chromium oxide as a carrier for platinum 
(B. P. 10729 of 1901). Burnt pyrites, which must be entirely 
free from arsenic, is sized and cleared of dust, and 145 parts 
are then impregnated with 30 parts of a solution of platinum 
chloride containing 17 gm. platinum to the litre. The resulting 
product can be used at once as a catalyst, or may first be heated. 
Such bodies are not molecular mixtures, but are formed of 
granules of metallic oxides covered with a layer of platinum. 
The catalytic action of the platinum is increased by that of the 
oxides, and the product acts at least as well as platinised 
asbestos. These contact-bodies arc cheap, offer great resistance 
to heat and chemical action, and require no special arrange- 
ments for preventing the pressure on the contact-material 
from forming an impermeable mass. 
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Vanadium Compounds. 

The possibility of utilising vanadium compounds appears 
to have been known fairly early in the history of the process. 
The Hochst works investigated vanadium oxide in their 
preliminary work about 1900 and found that this substance 
and tungsten trioxide acted about equally well, and rather 
better than molybdenum trioxide, their position being in a 
class in advance of that containing iron oxide. Kiister 
examined a number of catalysts to estimate their relative 
activities,^ and reported that vanadium pentoxide and ferric 
oxide were comparable in this respect, but that the former was 
much less sensitive than the latter to arsenic and other 
poisoning, as well as to mechanical influences. Access of 
arsenic, if continued, caused progressive poisoning of the iron," 
but the vanadium compound retained its activity unimpaired 
for an apparently unlimited time. Both catalysts were sensitive 
to the action of water, and the best results occurred when the 
usual sulphuric acid drying was employed. About 85 per cent, 
yield was obtained at 450" with the pentoxide, and this fell 
suddenly to 67 per cent, on substituting phosphorus pentoxide 
for the sulphuric acid. 

In the Hochst patent of 1901 (B. P. 8545) asbestos was 
impregnated by the usual means of soaking in a solution of 
ammonium metavanadale, drying and igniting. The material 
was claimed to give a conversion of 84 per cent, at 465". Much 
has been hoped for from the use of this material. A catalyst 
insensible to arsenic poisoning would be of great value, even 
though capable of only moderate activity. No practical results 
seem to have accrued. The patent was abandoned and in 
1913 fresh patents were taken out by the Badischc Company 
(R P. 23541 of 1913; 8462 of 1914). These patents prescribe 
the precipitation of vanadium pentoxide on an indifferent 
carrier, for instance pumice, ground so finely that the particles 
do not exceed 20 microns in diameter. The mixture can be 
made with or without binding material and moulded into any 
desired shape. The presence of alkali salts is said to be an 
advantage — securing the stability of the catalyst against undue 
increase of temperature. For example a mixture of 200 parts of 

^ Z, anorg. Chem.f 1904, 42 , 453. Cf.^ however, pp. 115-118. 
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ground pumice and 14 parts of ammonium vanadate is moulded 
to the desired shape, heated to 300'' to expel ammonia, and 
then at 440° in gas containing sulphur dioxide, to produce 
cohesion. Or a mixture of 316 parts of ammonium vanadate 
and 56 of caustic potash is evaporated nearly to dryness and 
the residue formed into granules and heated, first in sulphur 
dioxide and then in air. Instead of pumice, kieselguhr or 
permutite may be used. It is said that catalytic mass made 
in this way will give 96 per cent, conversion under usual 
conditions. 

These proposals, although promising, seem to have had 
little result. It is possible that some difficulty is experienced 
from the agglomeration of the finely divided oxide at the 
temperature of 500*" or so, which would be required. The 
melting-point is comparatively low (658"), and such an occur- 
rence seems quite probable. 

The next patent is that of the Conidelon Company of 
Antwerp ( 13 . P. 5174 of 1913), who proposed to use iron 
compounds of vanadium, obtained by adding salts of iron to 
a solution of vanadic acid or other vanadium compound, 
and precipitating the iron and vanadium together. They state 
that, since in the manufacture of sulphur trioxide overheating 
sometimes occurs to 8oo‘\ the vanadium contents of the contact- 
mass must be kept low enough to avoid, even at such high 
temperatures, the formation of easily fusible compounds, which 
by reducing the active surface of the contact-mass obstruct the 
passage of the gases. The precipitation may take place on the 
carrier and in such solutions that the easily fusible salts formed 
remain dissolved. It is also advisable to employ salts which 
yield on precipitation, in addition to the oxides, easily volatilis- 
ing compounds, in order to obviate the presence of easily 
fusible products in the mass. As an instance is cited the 
precipitation of an acidified solution of ammonium vanadate 
and ferrous chloride by ammonia, followed by cautious heating 
to remove the ammonium chloride formed. 

In 1913 the Bayer Company took out patents (B. P. 151^5 
of 1913) for the use of mixtures of vanadium and silver oxides. 
Asbestos fibre is impregnated with ammonium vanadate and 
then treated with silver nitrate and washed, silver metavanadate 
remaining on the fibre, preferably to the extent of 20 per cent. 

Q 
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of its weight. It has been seen that vanadium pentoxide gives 
only about 84 per cent, yield ; silver or silver oxide have in 
themselves very little action ; and the vanadates of copper, 
cobalt, manganese, and many other metals are said to be less 
active even than vanadium pentoxide. The activity of the 
silver compound is therefore remarkable. The conversion at 
520° is said to be practically theoretical under the usual 
conditions. The ratio of vanadium to that of silver used is 
said not to affect the results within wide limits. 

This appears to be a promising method of utilising 
vanadium, and there is reason for believing that the claims 
made for silver vanadate, as well as for vanadium pentoxide, 
are well founded, although neither substance can rival 
platinum in activity at moderate temperatures. 

The pentoxide, however, has been the subject of further 
patents having for their object the preparation of the catalyst 
in a suitable state of subdivision. In one patent assigned 
to the General Chemical Company (U.S. P. 1371004 of 1921), 
it is proposed to impregnate disintegrated kiesclguhr with 
ammonium, potassium or sodium vanadate. For instance 
kieselguhr (316 parts), the particles of which do not exceed 60 
microns in diameter and are preferably smaller, is mixed with 
50 parts of ammonium vanadate in solution and 56 parts of 
potash. The mixture is evaporated and formed into granules 
which arc heated to 480° first in sulphur dioxide and then in 
air. The means of obtaining this fine division is not stated. 
The presence of sodium or potassium salts is said (as in 
the Badische patent quoted) to protect the catalyst against 
deterioration. 

The Selden Company (B. P. 170022 of 1920) find that 
vanadium pentoxide operates more efficiently as an oxidising 
catalyst if it is previously heated to a temperature (at least 
500°) high enough to cause it to darken in colour, sinter, and 
become denser and more crystalline, or even to so high a 
temperature (over 658°) that it fuses. The resolidified dark 
bluish-black crystalline mass is broken into lumps or granules 
and used without a support. It is possible that the principal 
use of this invention may lie in the oxidation of naphthalene 
to phthalic acid, for which the Selden Company’s patents are 
now being worked in this country and elsewhere ; but the claim 
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is made that the oxide prepared in this way will oxidise 
sulphur dioxide at 400°. 

Other Catalysts. 

Metals . — It is interesting to note that the catalytic power 
in regard to sulphur dioxide conversion of both palladium 
and iridium is very low in comparison with that of platinum. 
A comparison of the behaviour of these three metals was made 
by Wohler, Foss, and Pliiddemann.^ They used, in each case, 
10 gm. of catalytic mass containing 1*4 to 15 per cent, of the 
metal, and passed a mixture of i part of sulphur dioxide and 
2*5 parts of air at the rate of 176 to 179 c.c. per minute. A few 
of their results may be given : — 

Conversion by Iridium and Palladium. 


a = :ictual conversion ]^cr cent, b — per cent, of possible conversion. 
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The rate of passage of the gas mixture was made less than 
the platinum would have been able to deal with, in accordance 
with the lower activities of the two metals. The figures given 
thus reduce the distinction in activity. 

Rhodium also is inferior to platinum.^ 

The use of metallic chromium and of a number of alloys 
of iron has been claimed by Classen (Ger. P. 274345 of 1913). 
Ferrochromium, ferrovanadium, ferromolybdenum, ferrosilicon- 
manganese and ferrosilicon-aluminium,are said to be efficient 
and much superior to manganese and tungsten. Molybdenum 

1 Ber., 1906, 80 , 3549. 

2 Wenger-Urfer, Ann. Ckim. anal.^ 1918, 28 , 97. 
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iron is best prepared with $0 to 6o per cent, of molybdenum ; 
it enables sulphur dioxide to be converted at 400° to 55^°- 

A statement has been made that the alloys of silver and 
gold with palladium or molybdenum are active enough for 
technical importance.^ 

ChromitiDi Compounds , — Chromium oxide, which had been 
used by Wohler and Mahla in 1852, was proposed again in 
1908 (B. P. 8102). The oxide is to be rendered porous either 
by calcination of such a compound as ammonium bichromate 
or by the calcination of certain other salts such as chromium 
nitrate, or from the calcination of chromium hydroxide in the 
presence of some substance from which a gas is evolved. A 
carrier may be used. The temperature required was said to 
be 420"" to 630°. 

In a patent of 1916 assigned to the Ellis Foster Company 
(U.S. P. 1204141 of 1916), a great improvement in the manu- 
facture of the oxide for this purpose is claimed. The activity 
of massive chromium oxide is hardly greater than that of 
oxide of iron. The flaky material made by igniting ammonium 
bichromate is more active, and can be made much more so 
by carrying out the decomposition with a mixture of the 
bichromate and a salt of a heavy metal such as lead or 
antimony. The chromium oxide is thus obtained mixed with 
the oxide of the heavy metal. It is found that such oxides 
take up sulphur dioxide ; that of lead, for instance, will absorb 
100 volumes of the gas, and it is believed that this possibility 
is a factor in producing activity. Antimony trichloride (50 
parts), for instance, is heated with 85 parts of potassium 
bichromate until no more fumes are evolved, and, the violent 
reaction being over, the dark coloured, spongy product is 
broken up and dried first in air and then in sulphur dioxide 
and air. The temperature of use is 425° to 480'', and the con- 
version 93-2 to 94*6 per cent., but as usual no reference to the 
amount required to convert a given weight of gas is included. 
Of the various substances which can be made in this way that 
formed from ammonium bichromate and stannic chloride is 
preferred (U.S. P. 1227044 of 1917). Ten parts of the first 
salt are dissolved in water and neutralised with ammonia. 
Asbestos is impregnated with this and then treated with 50 parts 
' Chem, Trade y., 6th January 1917. 
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of dissolved stannic chloride and heated to dryness. A gas 
mixture of 6 per cent, sulphur dioxide can be converted at 
425° to the extent of 88 to 93 per cent. 

A further patent of 1919 (U.S. P. 1314952 of T.919) 
prescribes the mixture of metallic platinum with oxides, one 
of which, at least, is capable of absorbing a large volume 
of sulphur dioxide at 450° to 540^ 

Miscellaneous , — The Ellis Foster Company also proposed 
mixtures of selenium and tellurium, the best of which contains 
from 5 to 15 per cent, of the latter element. This mixture 
is to be dissolved in dilute nitric acid and the solution used 
for impregnating asbestos. Since selenium melts at 217"^ 
and tellurium at 452", the regulation of temperature would 
appear to be of more than usually troublesome.. No purification 
of the gases beyond removal of flue dust is required (U.S. P. 
1103017 of 1912). 

Finely divided ilinenite has been stated to be of use and 
to be better than artificial mixtures or iron and titanium 
oxides (B. P. 5079 of 1913). The ore is treated with sulphuric 
acid, and the porous mass obtained is heated to expel the 
sulphuric acid. 

Cerium oxide and mixtures of rare earths have also been 
recommended (Ger. Ps. 142144, 149677). The oxalates obtained 
in the manufacture of thorium are treated with sulphuric acid and 
then heated to remove the acid, A porous mass results which 
retains its activity for a long time. No purification of the 
gases need be carried out. To heat the sulphates to from 700° 
to 1000'’ has been said to improve their properties.^ 

Arsenic pentoxide has already been discussed. Asbestos 
soaked in phosphoric acid (Fr. P. 318770), oxides of metals of 
the tantalum group {Vr. P. 321573), and a mixture of gypsum 
and ferric oxide, have all been proposed. The sulphates of 
iron, cobalt, nickel, copper, manganese, chromium, and uranium 
have all a certain action, and of these the nickel and copper 
salts are the most active. 


’ Jiolim, C/ie/u, hui.^ 1913, 36 , 120. 
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Part II. — The Preparation and Treatment of 
Contact-Mass. 

The Catalytic Capacity of Platinum. 

Little remains to be added to what has already been said 
in general regard to the catalytic properties of platinum. The 
occurrence and prevention of poisoning will be treated fully in 

Catalytic Capacity of Platiniivi. 
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I Allowing 80 per cent, oxide-shaft conversion. 


connection with the purification of gases. The other particular 
point of practical interest is the amount of platinum required to 
effect a given amount of conversion. 

The duty of one unit weight of platinum varies considerably 
with the type of plant, and the method of operating it, and 
figures which are generally applicable cannot be given. The 
preceding digest gives various figures obtained from actual 
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practice and elsewhere. In each case the ratio of the weight 
of sulphur dioxide passing over the catalyst in one hour, to the 
weight of platinum employed, is given as closely as possible. 
Since the capacity of the burners is always variable, this ratio 
is variable also. The figures given have been chosen to 
represent operation at the average full capacity. No figures 
for percentage conversion are given, for they depend on many 
factors, but it is natural to expect higher conversions with the 
lower values of the ratio in the last column but one — an 
expectation which, in general, is justified by the facts. It 
is certain that some of the most modern and highly developed 
types require less platinum than is anywhere indicated in this 
table. A considerable reduction is undoubtedly to be effected 
by conversion in converters in series — an arrangement which 
allows, as will be seen later, a greater economy of catalytic 
substance than any other method. 


Catalyst Carriers. 

Many substances have been proposed at various times as 
supports for platinum and other catalysts for the Contact 
Process, and have been used experimentally, but only two of 
them have been pre-eminent in surviving the test of experience 
— asbestos and magnesium sulphate. 

A satisfactory carrier must possess several qualifications 
which, taken together, are difficult to find in any one substance. 
It must first of all be porous and expose a very large surface 
in order to give full play to the diffusion of the gases to all 
parts of the platinum. It must be, if possible, chemically 
resistant to the action of sulphuric acid and the oxides of 
sulphur at high temperatures, and must not disintegrate if 
made accidentally much hotter than it is usually allowed to 
be. Since contact-mass has to be transported and filled into 
the converters, and while in them may have to sustain 
considerable mechanical action from the swiftly moving gas- 
current, the support must be fairly hard, or elastic enough to 
resist these strains. Lastly, since the recovery of platinum 
from spoilt contact-mass is always a possibility and sometimes 
a regular operation, it must be possible to recover the very 
expensive platinum with the smallest possible loss. All these 
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requirements are fulfilled in a high degree by the two materials 
mentioned. 

Asbestos . — The asbestos found in commerce is of three kinds, 
of which the most common, used for spinning and weaving, 
is the long-fibred mineral chrysotile — hydrated silicate of 
magnesium. Of all three this is the most easily disintegrated 
by high temperature — on account of its high-water content — 
and the least resistant to acids. Even such weak acids as acetic 
acid act on it, and boiling for four hours with 5 per cent, 
hydrochloric acid decomposes it entirely. The residue has the 
form of the original material, but consists only of hydrated 
silica without any considerable tenacity or tensile strength. 
The formula of chrysotile is 3Mg0,2Si0.^,2ll20, and the 
sensitiveness to acids is a consequence of the high ratio of 
base to acid — 3 molecules to 2. When acted upon by hot 
sulphur trioxide chrysotile is more or less decomposed into 
magnesium sulphate and silica, but the open and fibrous 
structure of the material nevertheless persists in these circum- 
stances for a very long time if it is protected from mechanical 
disintegration. Chrysotile is used extensively in the form of 
loose fibre as a carrier for platinum. It is also employed, 
in the form of mats of woven cord in the Mannheim Process, 
but in this case the mats have to be handled fairly frequently 
and their disintegration is a serious trouble, d'he main supply 
of chrysotile is from Canada. 

Hornblende asbestos belongs to the amphibole class of 
minerals. It can be obtained in very long fibres, but the 
varieties which are fine and tenacious enough for technical 
application all come from the North of Italy. “Italian’* 
asbestos is a common name. Its chemical composition is 
MgO.SiO^, in which the magnesia is replaced by lime or 
iron to a greater or less extent. Its resistance to acids is 
much higher than that of any other asbestos, and this resist- 
ance is maintained even at fairly high temperatures. This 
variety appears not to be very common in commerce. 

The blue asbestos from West Griqualand is the variety 
known as crocidolite, in which the magnesia of the amphibole 
has been mainly replaced by sodium and iron. It is very fine- 
fibred, but the presence of sodium makes it open to acid attack, 
and although more resistant than chrysotile, it is not satisfactory 
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in this respect. Heat decomposes it rather rapidly ; the ferrous 
silicate is oxidised and the material becomes entirely brittle. 
This material also has been used for Mannheim mats, with 
poor results. 

In the matter of surface, a good variety of asbestos is 
superior as a support to any other available substance. It 
may be taken that the modern types of converter, in which 
the amount of platinum per unit weight of sulphur dioxide has 
been reduced to a minimum, all use finely divided asbestos fibre. 
The details of the methods of platinising were, until recently, 
closely-guarded trade secrets, concerning which information was 
withheld. It is usually necessary to tease out the platinised 
asbestos which has been agglomerated by immersion in the 
solutions used, and the labour involved in this is considerable. 

It was stated by the Bayer works at Leverkusen in 1919 
that the long-fibred material used by them was good for use 
for twelve or fifteen years, but that the short-fibred variety 
would not last more than ten years. In the Tentelew and 
other modern plants having efficient purification, the contact- 
mass is expected to last about this length of time without 
being touched. 

Asbestos is found in basic rocks. The probability of its 
containing chlorides, fluorides, or any form of arsenic is 
extremely small, so that less precaution against poisonous 
impurity is necessary than in the case of magnesium sulphate. 

Since a greater surface is presented by a given weight of 
asbestos than by the same weight of any other available 
material, the proportion of platinum which can safely be de- 
posited on the fibre is much higher than in the other cases. It 
is not unusual to employ 10 per cent. In Tentelew converters 
in this country from 7 to 10 per cent, has been used. 

Mag 7 tesiunt Sulphate, — The use of magnesium sulphate, 
and of other inorganic salts as catalyst carriers, was developed 
by Schroder in connection with the Akticngesellschaft fur 
Zinkiudustrie {vorinals IV. Grille) at their works at Hamborn. 
The sulphur dioxide was obtained by the roasting of zinc ores 
during which numerous catalyst poisons are generated, chief 
among which at this works was silicon fluoride. Arsenic was 
present as usual. 

Until 1897 the line which had been followed at Hamborn 

R 
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had been the conversion of pure sulphur dioxide, obtained 
from the blende roasting, by pumping it, mixed with air, through 
dense plugs of platinised asbestos. This process was obviously 
out of the question for the roaster gases themselves, and it was 
necessary to find some means whereby, in view of the inevitable 
poisoning, the mass could be regenerated without too much 
expense. It was soon found that a number of soluble salts 
could be made into supports of great porosity, and it was 
believed that some of them, e.g.^ magnesium sulphate, actually 
helped the catalysis in a way which platinum could not do. 
Patents were taken out in all countries about 1898 (B. P. 25158 
of 1898). Sulphates or phosphates were both claimed to be 
practicable. The salt chosen is dissolved in water, the platinum 
chloride added, and the whole evaporated to dryness. Platinum 
equal to o-i per cent, of the mass was claimed to be efficient. 
The reduction of the platinum salt is more readily effected by 
the addition of sugar or other carbonaceous substance, and the 
mass becomes thereby more porous and adherent. A further 
improvement was claimed in 1901 (B. P. 1041 2) by which the 
contact-mass was made in the converter itself. A current of 
hot air or gas was blown through the molten mass, and a very 
high degree of porosity resulted. Not only this, but the caking 
of the mass was said to prevent portions of it being removed 
by the gas stream. 

Magnesium sulphate crystallises from a cold solution with 
seven molecules of water— MgS04,7H20~in the form known 
as Epsom salts. At about 33^ crystals containing only six 
molecules of water are deposited. The heptahydrate is ortho- 
rhombic, the other monoclinic. Several hydrates are known in 
addition to these. At 150° the monohydrate is formed. This 
is the basis of Grillo contact-mass before it is platinised. At 
about 200° the salt may be dehydrated entirely. From a hot 
solution 01 the salt in sulphuric acid crystals of MgS04,HoSO 
may be thrown down, and from a cold one MgS04,3H2S04. 
The solubility of the salt (in grams MgSO^ to 100 gm. water) 
is given below : — 

f o 10 20 30 40 50 60 70 80 90 100 io8*4 

gms. 26*9 31-5 36-2 40-9 45-6 50-3 55-0 59*6 64-2 68-9 73-8 77-9 

The saturated solution boils at 108-4°. The heptahydrate will 
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just melt in its own water of crystallisation before the solution 
boils. 

Magnesium sulphate can fairly readily be obtained pure 
enough for the purpose in view. It is not unusual to specify 
Epsom salts answering to the B.P. specification and made from 
“ brimstone ” acid, to ensure freedom from arsenic. In each 
case before use, careful tests for arsenic and for chloride should 
be made, and it is always preferable to make a small quantity 
of contact-mass from it, and run a conversion test in the 
apparatus described at the end of this chapter. 

To carry this out, 500 gm. of the sample is heated in an 
aluminium tray, and the process for the production of Grillo mass 
is gone through on this small scale in the same way as described 
later for the large scale. The platinisation is conducted with 
about 20 gm. of the mass (sized to about 
amount the platinum chloride is dissolved in about 8 gm. of 
water, and the solution is very conveniently applied with a small 
glass scent spray. The mass is turned over with a spatula during 
the spraying. After standing for a few hours it is reduced in 
the gas mixture at about 350°, and conversion tests carried out. 

Tests and estimations of arsenic and chloride carried out on 
four samples of magnesium sulphate gave the following results. 
The ratio of the weight of sulphur dioxide (per hour) to 
platinum was in each case about 30 : — 


Sample. 

Ter cent. 

As. 

Per cent. 
NaCl. 

f c. 

Per cent. 

S( ).K 

Per cent. 
Conv('rsion. 

A. 

Nil. 

0-028 

-M 5 

4.64 

97-1 

B. . 

0-00075-0.001 

0-037 

410 

570 

98-0 

C. . 

0-000075 

0-045 

405-10 

S-bS 

957 

I). . 

0-0000 1 

0-12.I 

410 

5 .()G 

95 -^> 


The first sample was selected, for the conversion of 97 per 
cent, was obtained immediately, whereas B, C, and D gave at 
first only 90 per cent, or less, and required heating in the gas 
stream to 500° to gain full activity. This test is a positive one, 
and should not be omitted without good cause. Cases have 
been known of Grillo mass failing to give more than 88 to 90 
per cent, conversion for no easily assignable chemical reason. 
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It should be noticed that the method of reduction of the 
platinum is a matter of importance, for unless care is taken 
thoroughly to remove all the accompanying chlorine, sufficient 
may remain to cause poisoning and low yields. Chlorine com- 
pounds produced in this way, or originally present, are, how- 
ever, removed by continuance of the heating in the gas 
stream. 

Grillo contact-mass has many advantages, and it is probable 
that its future use will be by no means confined to plants of the 
conventional Grillo type. 


The Production of Magnesium Sulphate Mass. 

It is not possible to make satisfactory contact-mass by 
merely calcining magnesium sulphate. Such material is far 
too friable and its use leads to disaster. The method first 
to be described was used at II.M. Factories during the 
War, and was founded on much practical experience of the 
material in South Africa and elsewl:cre. The salts are first 
of all calcined in iron pans, the product is ground to a fine 
powder and mixed with water in the hot pan and calcined 
again. It is then crushed and sized. 

The mounting of the pans is shown in the diagram of 
Fig. i6. Six pans were mounted on each furnace. It will 
be seen that there are dampers under each pan. By regulat- 
ing these, the distribution of heat along the row could be 
made more or less even. In describing the process, an output 
of 3000 lbs. of finished mass will be taken as a basis; for 
this amount eighteen or twenty such pans, each measuring 
4 ft. 8 in. X 3 ft. X 4 in. deep, would be required. The 
sequence of the operations and the quantities involved are 
best followed by means of Fig. 17, which represents a flow 
sheet of the daily production on this basis. 

The First Calculation . — The usual charge for a pan is a 
single bag, i.e., about 210 lb. This is put into the hot pan, 
and the melting down is assisted by stirring with wooden tools 
shaped like mallets with long handles. The average time 
required to convert the salt into a dry cake is about seven 
hours. When perfectly white and free from moisture the 
cake is detached from the pan by chisel-pointed bars about 
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5 ft. 6 in. long and i in. diameter. As soon as the cake is 
cooled it is crushed, the crusher being set to give the finest 
possible product, and is then fed into the disintegrator and 
reduced to a powder which should resemble flour as closely 
as possible and contain the minimum amount of gritty 
particles. About 55 per cent, of the weight of Epsom salts 
is obtained as first cake, />., about 115 lb. from a pan. The 

— — I ST. CAKE 

2^^ CAKE 



Fig. 17* — Grillo Mass Production — Flow Sheet. 

moisture remaining in the cake is from 12 to 14 per cent. 
This corresponds almost exactly to MgSO^.H^O (13-0 per cent.). 

Second Calcination . — For this the hottest of the pans must 
be used. The usual plan is to employ all the pans nearest to 
the fires, the others being used for the first cake. Those which 
are to be used for this second operation should appear bright 
red-hot in the dark. 

In the production of second cake, two kinds of material are 
used — dust from first calcination and dust made by grinding 
the fines from the crushing of the second cake previously made. 
First cake dust gives excellent second cake, but dust made from 







CALCINATION OF EPSOM SALTS 


135 


second cake cannot be used alone to make satisfactory second 
cake again. The two kinds of dust are accordingly put into an 
open bin divided into two by a partition, each kind being put 
separately into its own part of the bin. 

When a pan is charged, two buckets of the first dust and 
two of the second are put on to the hot pan, and water is added 
from a watering-can with a long spout but without a rose. The 
dust is thoroughly mixed with the water by means of a long 
handled steel garden rake 15 in. broad. About 130 lb. of 
dust and two and a half buckets (75 lb.) of water are added 
altogether, in order to obtain a mixture of the consistency of 
thick cream. The water evaporates rapidly during and after 
the mixing, and the raking is continued to assist the formation 
of the hard cake at the bottom, and to break up any crust that 
may form at the top, until there is no liquid matter left. The 
cake is left in the pans until it is baked absolutely dry, and, in 
case of the hotter pans, has become red-hot nearly all over. It 
is then broken out with iron rods, left to cool and crushed. 
The average time required for a charge is about five hours, 
and the weight of cake obtained is nearly equal to that of dust 
put in the pan. 

Before crushing care must be taken that the crusher is set 
to give, in this case, the coarsest possible product. The crushed 
material is transferred by hand to the hopper of the trommel 
from which three sizes are obtained: (i) Finished mass 1 in. 
to I in; (2) fines | in. and less; and (3) oversize above I in. 
The feed to the trommel should be continuous and not 
intermittent, to prevent fine material passing over the finer 
of the two screens and passing out with the finished mass. 
Oversize amounting to about 6 per cent, of the total weight 
crushed is returned to the crusher. The fines are ground in 
the disintegrator as fast as they come from the screen. On 
a day's run the finished mass is found to be 43 to 44 per cent, 
of the total crushed. 

A daily sample is taken by putting a handful of finished 
mass from each bucket weighed into a sample can. At the 
end of the day the contents of the can, which should amount 
to 60 or 70 lb., arc ground in the disintegrator and the 
ground stuff is made into a heap and quartered in the usual 
way. Daily estimations of moisture are made, and the 
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percentage is rarely found to be below 9 or above 10. 
Unplatinised mass weighs about 46 lb. to the cubic foot. 

The output of 3000 lb. can be obtained only by continuous 
work for the twenty-four hours unless there are more than 
twenty pans. The disintegrator should be of relatively large 
size as the load on it is a heavy one and, if large outputs are 
required, continuous feeds to both disintegrator and trommel 
are a great advantage. The pans are apt to bulge downwards 
in the places where the heat is greatest. 

Magnesium sulphate mass made in this way is a hard and 
resistant substance. It stands transport well, especially after 
keeping for a few days. If storage is nece.ssary the bins should 
be lined inside with ruberoid, or some other impervious lining. 
On a plant of this size a great deal of dust is raised from the 
trommel and disintegrator, which, although harmless, is irritat- 
ing and a delay to work, and it has been found advisable to fit 
a fan by means of which this dust is withdrawn and collected 
in a bag for re-use. 

P/atimsatiofi . — The application of the platinum to the 
surface of the mass is best carried out in baths of glazed 
earthenware, about 6 ft. x 3 ft. x 8 in. deep, and supported on 
brick standards about 18 in. from the ground. A rubber .sheet 
in a wooden tray is sometimes used, but for applying such 
expensive material the earthenware baths are advisable for 
their cleanness and freedom from waste. The floor of the 
platinising house should be of concrete, and should drain into 
a sump in which scrap iron or granulated zinc is kept, to catch 
any platinum which may be spilled. 

Before platinisation all mass is riddled carefully over J -in. 
riddles to remove fine stuff which may have passed the finer 
screen of the trommel, or may have been produced in transport 
or storage. The riddled material is then weighed out into 
iron cans (dust-bins) 100 lb. in each. Two of these cans are 
emptied into each platinising bath, and the mass is spread out 
in an even layer by means of a wooden rake. 

In 200 Ib. of mass there are very nearly 180 lb. of 
anhydrous sulphate. The amount of platinum chloride required 
to give the desired percentage of platinum, reckoning on the 
180 lb. of anhydrous sulphate, is then weighed out and 
dissolved in an earthenware jar of about 4 galls, capacity. 
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(Avoid the use of enamelled iron. The enamel rarely resists 
the intensely corrosive action of the chloride.) The platinum 
is usually supplied in the form of chloroplatinic acid containing 
40 per cent, or rather less of metallic platinum. The weight 
of water required to secure even distribution varies between 
20 and 30 lb., but is generally about 22*5 lb. (2 galls, and 
I quart). Considerable heat is evolved during platinisation, 
and care should be taken that mass should not be used which 
has come directly from the mill and still retains heat. It 
has been found that more regular results are obtained where 



Fig. 18. 


two bins are available, by putting all freshly made mass for 
a time into one bin and drawing for platinisation from the 
other. 

The spray by which the solution is applied consists of four 
fine glass jets, connected by short lengths of rubber tube to a 
glass tube having four short branches and one longer one 
sealed on, in the form of a fork. This arrangement is enclosed 
in a wooden case from the end of which the jets project, and is 
illustrated in Fig. 18. The longer branch of the fork is connected 
by means of a long black rubber tube and a glass siphon to the 
jar containing the solution, which is placed on a shelf about 
3 ft. above the level of the bath. About half of the solution is 
placed in the jar and spraying is begun. As soon as the 
surface of the mass has been covered, the surface layer is raked 
to one end and spraying is continued. This goes on until all 
the mass has been raked into a pile at one end of the bath. 
The pile is then turned over to expose the mass at the bottom, 
which so far has not been covered. By this time the first half 
of the solution has probably run out. The second half is then 
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put in and spraying is continued, the rake being driven evenly 
through the mass from one side to another in a regular manner 
until all this solution has also been used. At the finish the 
mass should appear wet. It should be turned over with the 
rake for about five minutes after spraying has finished, and 
allowed to remain on the trays for at least eight hours before 
removal to the converters. 

Another method of manufacturing Grillo contact-mass, which 
has been used in America, consists in the combination of the 
baking and platinising operations. The magnesium sulphate 
is first treated with platinum in solution and is then baked 
and ground as usual. By this means an even distribution of 
platinum is obtained, but the metal is deposited throughout 
the mass, and not mainly on the surface where it is most 
useful. In addition, it is easy to see that unless elaborate 
precautions are taken the loss of platinum is likely to be 
a very high one, particularly from the grinding and crushing 
operations. This method was used in preparing the 400,000 lbs. 
of contact-mass which filled 100 of the 120 converters of the 
Old Hickory (War) plant of the U.S. Government, probably 
the largest contact installation ever erected. The loss in 
preparation and handling before insertion into the converters 
has been estimated at 7*5 per cent. Even allowing for this, 
the platinum obtained on recovery from the mass after the 
Armistice fell considerably short of the expected quantity.^ 

About 1000 lb. of Epsom salts are taken and the platinum 
in very dilute solution is sprayed on. After the solution has 
soaked in, the mass of crystals is thoroughly mixed and is then 
shovelled into the hearth of a baking furnace, a sketch of 
which is given in Fig. 19.^ The furnace is so constructed that 
the products of combustion pass first underneath the hearth 
then over a bridge at the far end, and back over the hearth 
to the chimney. In one side three wide doors are provided 
through which the charge can be rabbled. A shelf about i ft. 
wide extends along the side of the furnace at the hearth level. 

The hearth should be hot and the flame should be a 
reducing one when the charge is put in. The sills of the 
doors should be luted with 6 to 8 in. of dry dust to keep out 

1 /. Ind, Eng. Chem.y 1922, 14 , 636. 

2 U.S. Bureau of Mines, Bull., 1920, 184 , 176. 
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excess oxygen. As a crust forms on the hearth it is broken up 
and the whole cake is turned over with a flat-nosed steel bar. 
This is continued until material corresponding to the first cake 
already mentioned has been formed and the product is ihen 
raked out, cooled, and ground in a pair of close-set fluted rolls, 
or on a grinder, care being taken to avoid dust loss. The 
ground material is made into a paste with water, and the solid 
mass which forms is roasted again in the same way, the hearth 
being rather hotter than before, and the product from the 
second roasting is crushed between rolls and sized as required. 



Fig. 19. — Calcining Furnace — Revcrl)eratory. 

The use of the furnace shown in the sketch is, of course, 
not restricted to this combination method, for contact-mass 
intended for subsequent platinising by the more approved 
procedure can be made in it, instead of in the rows of fire- 
heated pans illustrated in the diagram of Fig. 16. 

P^'climmary TreaiJ}icnt m the Converter . — The platinised 
mass is packed into the sections of the converter with great 
care, to secure even resistance to the passage of the cases. 
The method of beginning the reaction with it is an extremely 
simple one. The converter having been filled and closed up, 
the mass is slowly heated to about 350*" by blowing heated 
air through it. Hydrochloric acid comes off accompanied by 
water and the mass is probably made more dry than it was 
before platinising. Burner-gases rather more dilute than 
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usual are then passed slowly in. The reaction begins at once. 
The charge burnt is increased slowly for some days until the 
plant is running normally. 

Revivificatioji and Reivorking of Grillo Mass . — Grille mass 
which has been poisoned by arsenic is often revivified by 
merely spraying with dilute aqua regia and replacing in the 
converter. In this way the arsenic is converted into arsenious 
chloride and volatilised. This has been found to work well. 
The operation may be carried out a number of times with 
the same mass, but the more often it is done the shorter 
becomes the period between two successive treatments. As 
a final operation in this case, and in any when the poisoning 
has been extreme, the platinum is recovered from the mass, 
purified, and sprayed again on to fresh mass, which may in 
certain circumstances be made from the recovered magnesium 
sulphate. 

A method which has been used extensively in the United 
States and elsewhere is to dissolve the whole mass in aqua 
regia, and recover it by concentration of the solution. Here 
again the platinum will be throughout the mass instead of 
only on its surface. Sufficient water is taken to convert the 
anhydrous mass into a substance having the composition 
MgS04+5H20, and about 35 galls, of aqua regia to every 
1000 to 1200 lb. of mass are mixed with the water. The 
mass is introduced carefully into the acid liquid. A violent 
reaction occurs, and if the liquid is kept hot, the whole of 
the mass goes slowly into solution. On cooling, the mixture 
sets to a solid. It is then put through the process for making 
fresh mass by the combination method which has already 
been described. Cane sugar is often added to help the mass 
to cake on baking. 

The method given below ^ has been employed by the Mod- 
derfontein factory of the Nobel combine and has proved very 
satisfactory in practice. The recovery of platinum is not an 
easy matter, and unless great care is taken the losses are apt 
to be high. It is particularly important to beware of the 
possibility of the formation of colloidal platinum in hydrochloric 
acid solution. In this way heavy losses may be incurred, 

' It has been published in Technical Records of Explosives Supply^ 
1921, 6, 68. 
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although the solutions run to waste are absolutely clear and 
yield no precipitate on scrap iron. 

Breakmg dozvn the Contact-Mass . — A dissolving tank of 
about 450 galls, capacity is three-quarters filled with water, 
and a sieve made from a carboy crate lined with 28-in. wire 
gauze is lowered into the tank by means of a pulley, until 
half submerged in the water. This sieve retains the larger 
particles of iron scale, while allowing the platinum to pass 
through. The contact-mass is then placed in the sieve by 
bucketsful, and as the sulphate passes into solution, more is 
added until about 350 lb. arc dissolved. The sieve is then 
lifted from the solution, which is allowed to stand for at 
least three days. At the end of that time the insoluble matter 
has fallen to the bottom of the tank, beneath the level of 
the tap, from which the clear liquid is drawn off into a lower 
tank where a further settling of three days is allowed. From 
this tank it is run through the tap into a lead-lined box 
in which it remains for two days. 

Purification of Alagncsiuni Sulphate . — The solution is then 
siphoned, without disturbing the lower stratum of the fluid, 
into a wood-lined box which is fitted with steam and air pipes. 
After the solution has been heated by steam to 6o^ about 
20 lb. of magnesium oxide is placed in a suspended 5-mesh 
sieve as in the case of the first dissolving tank, and the whole 
agitated with air until a sample of the filtered fluid gives an 
alkaline reaction, and shows no precipitate or colouring with 
hydrogen sulphide. Steam and air are then shut off and the 
liquid allowed to settle. After twenty-four hours the solution 
is usually clear, when it is decanted into an egg and blown 
to a feed-box in the concentrating plant. The lead lining 
of this box is painted with black enamel. From the box 
the solution is run into a series of coal-heated galvanised 
concentrating pans, five in number, and when a film appears 
on the surface of the front and hottest pan, the contents of 
the hot pan are siphoned into a crystallising pan in which, on 
cooling, Epsom salts crystallise out. The crystals arc drained, 
and heated on a cast-iron pan, where water is driven off until 
a hard mass containing 13 per cent, to 16 per cent, of water is 
formed. This is removed and broken in a crushing machine 
into pieces of the requisite size. Dust and particles too small 
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for grading are made into a paste with more sulphate solution, 
and dried on the cast-iron pan in the same manner as the 
crystals. 

Purification of the Platinum . — When the clear fluid is drawn 
ofif from the dissolving tank, it is again filled up with water, 
and the process of solution continues until a complete shelf of 
mass has been broken up. The insoluble matter remaining at 
the bottom of the tank is washed two or three times with water 
to remove magnesium sulphate, and finally run through the 
lower faucet, which is fitted with a rubber pipe closed by a 
brass clip, into an earthenware crock holding about 50 galls. 
This crock is placed in a steam-heated water-bath and its 
contents treated for forty-eight hours with strong commercial 
hydrochloric acid at as high a temperature as possible, at the 
same time are agitated with air. It is then allowed to cool 
and settle, when the acid solution is siphoned off into a large 
crock of about 100 galls, in which scrap iron is constantly kept. 
The crude platinum mass is washed repeatedly with water, 
until the washings are comparatively free from dissolved 
iron. On account of the slight solubility of platinum black 
in hydrochloric acid under certain circumstances, and the 
possibility of free chlorine in commercial acid, in all cases 
where platinum, whether impure or otherwise, is treated in this 
way, the washings are subjected to the action of scrap iron, 
whereby any platinum which may be in solution is reduced by 
hydrogen, thrown down, and collected. The crude platinum 
mass is then heated with hot aqua regia, and at the same time 
agitated with air until the residue which remains undis.solved 
contains no platinum. After settling and cooling the clear 
solution, it is siphoned into porcelain basins, while the residue 
is washed on a filter until free from platinic chloride. The clear 
solutions and washings are concentrated to a small bulk on a 
steam-bath, 30 c.c. of 90 per cent, sulphuric acid being added 
to remove lead. The concentrated liquid is then transferred 
to a sand-bath, where it is dried, additions of hydrochloric acid 
being made until the resulting dry mass is free from nitric acid. 
This mass is then dissolved in water, filtered and hydrochloric 
acid is added to the clear solution, from which the platinum is 
then removed by the action of scrap iron in the form of wrought- 
iron nails. The platinum black is collected and boiled with 
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strong hydrochloric acid on a sand-bath until only traces (less 
than 0*3 per cent.) of iron remain undissolved. In practice it is 
found impossible by the action of boiling concentrated acid to 
remove iron entirely from platinum black in this form ; hence 
the necessity for the subsequent precipitation by ammonium 
chloride by means of which it is possible completely to remove 
the residual iron. 

The platinum is accordingly washed with water until free 
from acid, dissolved in pure aqua regia, again evaporated 
to dryness and freed from nitric acid, dissolved in water 
acidified with hydrochloric acid and precipitated as ammonium 
platinichloride. The precipitate is allowed to settle, and after 
the supernatant liquid has been siphoned off, is transferred to 
a Buchner funnel where it is washed with 5 per cent, hydro- 
chloric acid until the filtrate is free from iron. The precipitate 
is then dried on the sand-bath, and ignited on a fireclay crucible 
in an atmosphere of sulphur dioxide. The resulting pure 
spongy platinum is weighed and dissolved in aqua regia, and 
the solution freed from nitric acid as before. It is then 
available for the preparation of fresh contact-mass. 

The iron scale and similar material, which are retained by 
the sieve on solution of the magnesium sulphate in the first 
dissolving tank, may still contain a little platinum, most of 
which can be removed by washing the residue in small 
quantities in a basin with a stream of water. The whole is 
agitated and the smaller particles, representing the platinum, 
are allowed to pass with the overflow water into one of the 
settling tanks, from which it may be collected on settling. 
The heavy portion remaining in the basin is rejected. Fiom 
time to time, say after two or three shelves have been treated, 
any matter which may have collected in the bottoms of the 
lower settling tanks is washed out, and the sediment is placed 
in the top dissolving tank. 

Separation of Plathmm from Iridium , — Where a shelf 
has originally been impregnated with solution of platinum and 
iridium alloy, the presence of iridium is first seen from the 
difference in colour of the precipitate on adding ammonium 
chloride to the platinic chloride solution. Ammonium platini- 
chloride unmixed with iridium is of a lemon yellow colour, 
whereas if iridium is present, the colour isalight reddish brown. 
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As ammonium platinichloride is less soluble in hydrochloric 
acid than the corresponding iridium salt, the latter may be 
partially removed by repeated washings with 5 per cent, hydro- 
chloric acid, when the platinum compound approaches more 
nearly to its normal colour. On concentrating a sample of 
these washings, a cherry red substance is deposited showing 
a large proportion of ammonium iridium chloride. 

The whole of the hydrochloric acid washings are treated 
with scrap iron, and the iridium is thrown down as a black 
precipitate which also contains platinum. To remove the last 
traces of iridium from the platinum salt after washing as 
described, it is necessary to dissolve the whole in as small a 
quantity of hot water as possible. The solution is evaporated 
to a fifth of its bulk, and on cooling 88 per cent, of the original 
platinum salt crystallises out, while the iridium salt, being 
more soluble in water, remains in solution and may be removed 
as iridium black on adding scrap iron. 

A similar procedure was adopted in recovering the platinum 
from 343,000 lb. of mass from the U.S. Government plants at 
Old Hickory, and at Nitro, West Virginia. The dissolving 
tanks consisted of nitrocellulose boiling-vats, and a charge for 
each vat consisted of 15,000 lb. of mass and 6000 galls, of 
water. The mass was added to the warm water during seven 
to eight hours, the temperature being kept below go". 
Thorough agitation was applied. The solution was allowed 
to stand for twenty-four hours. 

Some of the charges contained sand, which was thought 
to have worked its way in from the insulating layers on the 
preheater, and it is interesting to note that others were found 
to contain much magnesium oxide, and to be distinctly alkaline. 
The treatment which had been given to the mass, after use and 
before removal from the converters, however, is not specified. 

In view of the large amount of mass to be dealt with and 
the fact that the time available was limited, the speed of the 
operations had to be increased whenever possible. The clear 
liquid was siphoned off from the top of one of the vats in which 
a charge had settled, whenever such siphoning was possible, 
and the platinum sludge at the botton was then concentrated 

by running the muddy liquid through the Monel metal bowl 

30 in. long by 4J in. wide — of a Sharpies centrifuge. The 
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material which accumulated in the bowl was treated with hydro- 
chloric acid diluted with hot water (12*5 lb. sludge, i gall, 
concentrated acid, 4 galls, water), whereby its weight was 
reduced by about three-fifths on account of the removal of iron 
and lime and other impurities, and was again centrifuged. The 
purified residue was then dissolved in aqua regia (20 volumes 
concentrated hydrochloric acid to 3 volumes nitric acid) in 
6-gallon silica dishes, and after solution had been completed, 
as far as possible the clear liquid was siphoned away from a 
residue which still contained a small amount of platinum and 
was otherwise dealt with. From the solution so obtained the 
ammonium platinichloride was precipitated by adding a hot 
concentrated solution of ammonium chloride, or the finely 
powdered solid salt. Some alcohol was then added and twelve 
hours allowed for settling. After this the liquid was siphoned 
off, the precipitates from several vessels united, and three 
separate washings with alcohol carried out. Finally, the 
precipitate was dried in an iron box heated by steam coils 
and was then calcined in large graphite crucibles or in silica 
dishes.'^ 

Of the 9764-5 Troy oz. of platinum presumed to have 
been used, 7-5 per cent, was written off for loss in preparation 
and handling. From the remaining 9032 oz. which should 
have escaped dissipation from the converters, 8812 oz. of an 
alloy which was considered to contain 94 per cent, of platinum, 
were eventually recovered. The over-all recovery would there- 
fore appear to have been about 85 per cent. This figure should 
not be taken as a standard. 

The Preparation of Mannheim Contact Mats. 

The platinum used in the Mannheim contact ovens is 
deposited on mats of woven asbestos cord. These mats are 
laid on each other with suitable supports in the form of thick 
wire netting between each net. From ten to thirteen nets are 
built up into an “ element ” on an iron frame, and the element 
as a whole is slid into a chamber prepared for it in the contact 
oven. Details of the building up of the elements will be found 
in the description of the Mannheim plant. 

' y. Ind, Eng, Chem.^ 1922, 14 , 636. 

S 



146 


CATALYSIS AND CONTACT-MASS 


The element frames are usually about 4 ft. 6 in. long by 
2 ft. 3 in. wide. The mats to be used in such a frame should 
be about 4 ft. 10 in. x 2 ft. 6 in. to begin with, as they shrink 
during the preparation, and the necessary air-tight joint cannot 
readily be made round the edges of shrunken mats. There 
are from three to four strands to the inch, and any loose ends 
at the side should be tied back into the fabric of the net to 
prevent them coming unfastened. 

The most important point is to obtain a quality of asbestos 
which will resist fairly well the process of platinising, and what 
is a more severe test — the disintegrating action of the hydro- 
chloric acid washes which are used after the mats have first 
been baked and when they require revivification. This require- 
ment is a difficult one to fulfil if, as has generally been the case, 
the ordinary Canadian asbestos is employed, for an unsuitable 
specimen of this material may lose 25 to 30 per cent, on 
washing, and may even fall entirely to pieces before the 
platinising is finished. But the question is not entirely a 
chemical one, the physical treatment vvhich has been given 
to the fibres has much to do with the usefulness of the mat, 
and a heavy loss on washing does not necessarily imply a 
bad mat. The only satisfactory method of testing mats is 
to try them in the actual process. Crocidolite mats turn 
brown when given their preliminary baking and become 
extremely brittle, so that their treatment is rendered difficult, 
if not impossible. 

Platinisuig House . — The room set apart for platinising mats 
should contain the following pieces of apparatus : (i) One or 
more enamelled iron baths large enough to take the net easily 
when it is lying flat, and to leave some extra space at the head 
and foot. A suitable size is about 5 ft. 9 in. x 2 ft. 9 in. x 12 in. 
deep. Each bath is fitted into a water-bath of somewhat larger 
size, and the water between the two vessels is heated by a steam 
coil. Each platinising bath should have lids which can readily 
be removed to allow access to either end, and a draught arrange- 
ment to carry away the steam is advisable ; (2) Earthenware 
tanks for soaking the mats in hydrochloric acid ; (3) A large 
wooden tank big enough to allow a whole element to be 
immersed at once. Sprinklers should be arranged to wash 
the mats on drain-boards above the bath, and arrangement 
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should be made for recovering any platinum passing away 
in these or other washings ; (4) A drying-oven containing a 
number of grids on which the nets can be dried. 

Platinisuig , — The methods used for platinising are the 
same in principle but differ somewhat in their details. Two 
procedures are possible. In the first the platinum is deposited 
evenly throughout the mat by using the minimum amount of 
solution ; in the second excess of solution is used, and the 
platinum is obtained to a greater extent on the surface of the 
cords. The second process gives, at least at first, a somewhat 
more active mat, but not so enduring an article as the first, 
and the loss of platinum from the mat during handling and 
treatment is greater in the second case. 

Method L — The solutions required are : {d) The requisite 
weight of platinum chloride for one mat made up to i litre 
with distilled water ; (/>) 400 gm. of sodium formate made up 
also to I litre. The whole of {(i) icx> c.c. of {b) and 600 c.c. 
of water are first of all mixed together in a porcelain basin 
of about 1$ in. diameter. (The basin should be supported on 
sand in some other vessel to guard against breakage.) The 
mixture is treated with solid sodium carbonate until no further 
effervescence occurs, and the mat is then dipped in, corners 
first, the centre being held in the hand. When all the solution 
has been absorbed, the mat is vigorously kneaded in the dish 
until the distribution of solution is quite even.^ Then the mat 
is wrung from the corners inwards to drive the solution toward 
the centre, and is then kneaded again and finally laid at the 
bottom of the platinising bath (the water in the jacket being 
at boiling-point). Care is taken to make contact between the 
bath and the whole underside of the mat. After about ten to 
fifteen minutes the underside will have begun to blacken. The 
mat is turned and the other side treated in the same w^ay, and it 
is then rolled up and allowed to remain at the head of the bath, 
or in another bath, for twenty-four hours, being heated all the 
time. The colour after heating is light grey, and not so dark 
as that first developed. Washing is carried out by laying all 
the nets which have been platinised flat in one of the baths, 
and running in water almost to the top. Five washes are 
given, each lasting two hours — three with tap water and the 
' The operator must wear rubber gloves. 
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last two with distilled water. The mats are then drained for a 
few minutes and dried in the oven. 

Method II , — A steam jacketed bath of enamelled iron is 
used. The jacket should be capable of taking steam at 20 lbs. 
pressure. Forty litres of distilled water and about 170 gni. of 
good soda-ash are placed in the bath, and when the solution is 
boiling vigorously a mat is placed in the bath and a solution 
containing 450 gm. of sodium formate is added. About two- 
thirds of the required amount of platinic chloride, dissolved 
in about half a litre of water and neutralised with sodium 
carbonate, is then poured in slowly. The mat is kept in 
motion in the solution for a short time, and the cover is 
placed on the bath and the liquid boiled for a quarter of an 
hour. The mat is then turned over and the remainder of the 
platinic chloride added. Boiling is continued until the whole 
of the platinum has been deposited and the liquid has cleared 
completely. The mat is then removed and placed with others 
in another bath containing distilled water. After four or five 
hours the water is replaced by 10 per cent, sulphuric acid at 
35° to 40°. This acid wash lasts eighteen hours, and is followed 
by a similar one lasting the same time, and finally by two 
washings with hot water, each of ten to twelve hours’ duration. 
The mats are finally placed on racks to dry. 

Prelimmary Heati?ig of Man 7 ihewi Mats , — Before use the 
mats are built u[) into contact elements, each of ten to thirteen 
mats. Details of this operation will be found in connection 
with the Mannheim plant. For the first few hours of use 
the new elements are extremely active, but this activity soon 
diminishes, and in twenty-four hours it is seriously impaired, 
magnesium sulphate has formed, and the asbestos has become 
hard and brittle. It is therefore usual to withdraw them and 
carry out a process of softening the asbestos and revivif) ing the 
platinum. 

It is advisable to leave the new elements in the contact- 
oven for at least forty-eight hours. On being taken out after 
this period the elements are taken apart from the frames, and 
the whole block of mats is laid all at once on a wooden tray 
and immersed in the soaking tank. No attempt must be made 
to fold or bend the n/ats, and care must be taken that no part 
remains above water during the soaking, or it will be found to 
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become permanently rotten. After immersion in water for a 
few hours the fabric becomes softer and easier to handle. The 
block of mats (still on the tray) is removed from the water, 
placed in a bath containing lo per cent, hydrochloric acid, 
and allowed to remain twelve hours or more. The acid is 
removed by placing the nets in a bath, covering them with 
water, heating nearly to boiling, and siphoning the water 
away. This is repeated three times, after which the mats 
are dried and built into elements again. 

Revivification of Mann /id ni Mats . — When an element has 
been removed from the contact-oven on account of its having 
been poisoned, it is treated as described above, the washing 
being carried out with 2 to 5 per cent, h) drochloric acid. This 
to some extent restores the activity. The treatment can be 
repeated several times; but platinum is naturally lost each 
time in handling, and the fibre finally becomes so weak and 
corroded that the mats cannot properly be built up again. 

After a chrysotile mat has been in use for some time the 
asbestos has mainly been converted into silica, the heating 
in presence of sulphur trioxide and the repeated washings 
having removed a great part of the bases. A typical com- 
position of this kind of asbestos is SiO.^ — 38 per cent. ; 
MgO — 40 per cent.; FeO — 10 per cent.; H.O — 12 per cent. 
After platinising there may be^ SiOo — 70-5 per cent.; 
MgO — 13-5 per cent. ; FeO — 4 4 per cent. ; h'e.O^ — 4 7 per cent. ; 
II., 0 — 6 9 per cent, A mat which had been in use for three 
years gave: SiOo — 788 per cent.; Al.O^+Fe.^Oa — 80 per 
cent.; MgO — 10 per cent.- 

The Testing of Contact-Masa 

Before making use of contact-mass on a large scale, it 
is frequently necessary to make preliminary tests to ensure 
that the desired conversion will be attained. There is not 
usually need to investigate the action of the catalyst itself — 
the results to be expected from platinum, for instance, are 
fairly accurately known — but it may be necessary to examine 
the support which is to be used, magnesium sulphate for 

' T,R,E,S., 1921, 6, 27, 

^ Parkch, y. Soc. Chem, Ittd, ( 7 >a//j.), 1922,41, 100. 
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instance, and to make certain that it contains no impurities 
which would poison the catalyst. This is best done by 
preparing the mass on a small scale and observing its power 
of catalysis under conditions which as nearly as possible 
approach those of technical work. 

We therefore require a conversion apparatus constructed 
on a laboratory scale in which the temperature, concentration, 
and rate of flow ^of gas mixture can be regulated at will. 
Various forms of apparatus designed for this purpose are 
described in the literature of the subject and are more or less 
elaborate. Kiister^ devised a special gasometer in which 
mixtures of sulphur dioxide and air could be stored, but for 
most purposes it is more convenient to mix two regulated 
streams of gas as required, if the gas mixtures required cannot 
be obtained from the plant. 

The arrangement of apparatus shown in the diagram of 
Fig. 20 has been found very convenient in use. It is readily 
constructed and involves no article which is not to be found 
in a fairly well-equipped laboratory, in order to produce 
a stream of gas consisting of sulphur dioxide and air in the 
proportion required, use is made of the device of forcing 
each gas through a glass jet in such a way that the fall of 
pressure on passing the jet can be maintained at any given 
value. 

Air from the compressed air supply, and sulphur dioxide 
from a siphon of the liquefied gas, are passed through simple 
pressure regulators, by means of which the pressure of each 
gas can be kept constant within i mm. of water. The air 
passing the regulator is dried by passing through a drying 
tower and a y-tube, both containing suitable material saturated 
with 98 per cent sulphuric acid. The sulphur dioxide requires 
no drying. 

Each gas is then passed through a jet made of drawn-out 
glass tubing. The fall of pressure due to the passage of 
either gas through its jet can be read on a gauge containing 
sulphuric acid and can be maintained at any value desired 
by adjusting the pressure regulator. In this way, after the 
proper jets have been selected by preliminary tests, it is quite 
easy to maintain a stream of gas containing from 3 to 8 per 
' if. anorg, Chem.^ 1904, 42 , 453. 
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cent, of sulphur dioxide without important variation in com- 
position, for many hours. It is advisable to have several jets 



for each stream if the rate of flow is to be varied considerably, 
and the jets should be secured from the access of dust and 
moisture by inserting a small plug of cotton-wool in the wider 
part of each. 


Fig. 20. — Laboratory Apparatus for carrying out Conversion Tests. 
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The streams of gas issuing from the jets meet as shown in 
the drawing, and are mixed by passage through a cotton-wool 
plug inserted at the point of meeting. During a test a sample 
is drawn off through a branch tube, and, by means of an 
aspirator, bubbled through iodine solution in a wash bottle 
and a bubbler. 

The main stream passes through the contact tube of Jena 
glass. The further end of this tube can be joined to the rest 
of the apparatus by means of a plaster of Paris joint. Next in 
order is a U-tube filled with glass balls wetted with 98 per cent, 
sulphuric acid to absorb the sulphur trioxide. The gas then 
passes through a bubbler containing iodine solution, and 
finally into an aspirator constructed so that it exerts practically 
the same suction no matter how much water is run from it, 
and consequently disturbs the working of the jets as little as 
possible. 

The volumes of air in the main stream and in the sample 
are obtained by measuring the water which runs from the 
two aspirators during a test. The corresponding volumes of 
sulphur dioxide are deduced by titrating the unreduced iodine 
in the bubblers. 

The internal diameter of the reaction tube is measured, and 
a given weight of contact-mass is packed in between loose 
plugs of purified asbestos. A test can be carried through in 
about an hour, when once a steady state has been reached. 
The second furnace shown in the diagram, although not 
necessary, is useful to allow of preliminary heating of one 
specimen of contact-mass while tests are being run on another. 

Instead of the standardised jets convenient use can be made 
of the gas volume-counters described by Peckett.^ 

In using an apparatus of this kind, with a comparatively 
short furnace and no special shape of reaction tube, it should 
always be borne in mind that conversion at any given tempera- 
ture nearly always appears more favourable than it actually 
is. This results from the variation in temperature along the 
tube. For further remarks on this point, the account of 
Bodenstein's work in Chapter III. may be consulted. 

^ /, Soc, Chenu Ind.^ 1917, 80 , 52. 
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In the account which has been given of the historical develop- 
ment of the Contact Process, it has been made clear that each 
of the earlier plants contained some kind of retort in which the 
contact material could be heated. In this way the contact- 
mass was made hot enough to initiate the reaction, and, if 
necessary, heat could be supplied to keep it at the working 
temperature during operation. That this temperature must be 
kept within definite limits was recognised at a comparatively 
early date. A patent was granted to Lunge in 1888, in which 
it was stated that “ the temperature in that part of the 
apparatus where the combination of SOo and O2 takes place 
must be carefully regulated, and must be neither too high nor 
too low (preferably at or below a dull red heat)” (B. P. 3166 
of 1888). That the reaction was a strongly exothermic one, 
capable of producing sufficient heat to hinder its own progress, 
was not fully realised by the earlier workers, although the fact 
seems a very evident one. It is probable that their apparatus 
was in most cases so small, and the rate of gas-transfer so low, 
that the evolution of heat was masked by the effect of radiation. 
The years 1898 and 1899 were marked by the publication, in 
patent applications, of the means by which the heat of reaction 
could be controlled in large converters. The Bndischc patents 
for cooling the converters by air or by the incoming unconverted 
gas were granted in 1898 (B. Ps. 15947, 15949, of 1898), as was 
that of the Hbchst works for heating the gases to the 
temperature required for reaction, by means of the issuing 
converter gas (B. P. 6057 of 1898). The Hbchst patent for 
regulating the temperature of the mass by the admixture of 
cold unconverted gas belonged to the following year (B. P, 
285 of 1899). 

163 
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The thermal data in connection with the reaction are set 
out, so far as they are known, in the table at the end of this 
chapter. By their means one can calculate, at least in an 
approximate way, the heat effect due to any given amount of 
conversion. If the gases are prevented by complete insulation 
from radiating heat away, the total possible heat of combination 
will not be given out, for the higher the temperature rises 
the greater is the proportion of sulphur dioxide which 
remains uncombined. Taking gas-mixtures resulting from the 
burning of sulphur of, say, 5 to 7 per cent., and assuming 
suitable inlet temperatures, it is interesting to find the 
temperatures which would be reached, and the ensuing con- 
versions, supposing that no loss of heat occurs by radiation or 
conduction. This can be done with fair approximation if we 
select points on curves (1) and (2) of Fig. ii (by trial or error) 
such that in each case the indicated conversion would produce 
the indicated temperature.^ The results are tabulated below. 


Cent. 

SOo. 

. 

Inlet 

Temperature. 

Degrees. 

! 

Itise of ; 

Teinp(*rature. j 

Degrees. ' 
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5 
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96 

5 

375 

139 1 

514 

94 

5 
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91 

7 
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i 7 

375 j 
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553 1 

1 

‘ 7 

400 

171 ' 

571 

84 

! 

350 

231 j 

586 

78 

1 10 

375 

222 j 

597 

75 


a 10 per cent, gas mixture being included. (The necessary 
specific heats are given in the list of data at the end of the 
chapter.) The specific heat of the gas mixture before and 
after conversion can be taken to be very nearly the same. 

The figures in the last two columns make very evident the 
great dependence of the final result on the concentration of the 

1 A direct method can also be used. On Fig. ii, for each gas mixture, 
mark two points representing assumed conversions and the respective 
temperatures which would result. Through each pair of points draw a 
straight line which cuts the appropriate curve in a point representing 
the highest attainable temperature and conversion. 
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gas mixture and are borne out in practice, where with rising 
concentration, the maintenance of the mass at a suitable 
temperature becomes more and more difficult in a converter of 
a simple type. 

The converters which have been and are now used are of 
many and various types. To provide means for removing the 
“ injurious ” heat of reaction is not the only requisite (indeed 
this can be done without any special means beyond ordinary 
radiation). It is necessary so to arrange the contact-mass that 
the least possible quantity is required, and generally, although 
not always, to recover as much as possible of the heat which 
passes away in the converted gases, and to use it to increase 
the heat of the entering gases to the amount required for their 
reaction. Later developments accomplish the process of con- 
version in stages, two converters being employed in series. It 
will therefore be convenient to describe (i) Converters without 
internal heat-regeneration ; (2) Converters with internal re- 
generation ; (3) Conversion in dual converters in series. 

I. Converters without Internal Regeneration. 

One of the converters described in the Badische patents of 
1898 is illustrated in Fig. 21. It consisted of a series of tubes 
which could be heated by gas flames. When conversion had 
begun and the heat of reaction was being given out, the flames 
could be turned down and cold air allowed to circulate upwards 
from n to L, cooling the tubes in its progress. 

The earliest pattern of Grillo converter consisted of a 
vertical cylinder inside which were arranged several layers of 
magnesium sulphate contact-mass on perforated iron shelves, 
considerable air spaces being left between the layers. The 
converter was not heated but merely protected against 
excessive radiation, and the gases were brought to the 
temperature of incipient reaction by passage through tubular 
preheaters. In such an apparatus it is said that there is a 
tendency for the gases to pass most rapidly down the centre, 
and more slowly at the sides. In addition the cooling is more 
rapid at the sides, so that the conversion does not go on uniformly 
throughout the layer of mass. This difficulty was met in a 
Grillo patent (B. P. 17034 of 1900) by arranging several contact- 
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vessels side by side and connecting them by pipes alternately 
above and below the mass. The gas was thoroughly mixed 
by passage through the connecting pipes. A common means 
of effecting the same result, in cylindrical converters containing 
horizontal shelves, is to place a circular baffle-plate below the 
grid on which the mass rests. 

Converters of this simple type are still in use, without any 
baffle-plates, and are found to be satisfactory in many respects. 

It is usual to cool the gas, issuing at 
about 430"", in a regenerative way, but 
to attempt to recover the heat lost 
by radiation from the converter is 
not always considered so important. 
Fig. 22 shows an example. The usual 
number of layers of mass is five, but 
four are sometimes found, and the 
following list of temperatures in a 
five-layer converter has been recorded 
from American practice. Inlet 385'; 
leaving layer (i), 540 to 560"" ; 
(2) 520'; (3) 500”; (4) 450”; (5) 385". 
Of a total conversion of 96 per cent, 
the first layer accomplished 60 per 
cent.^ For a four-layer converter an 
entering temperature of 400°, and 
layer exit temperatures of (i) 520; 
(2) 500; ( 3 ) 470; (4) 440. arc not 
unusual. 

The converter of Fig. 22 often 
consists, in American practice, of a 
cast-iron shell about 6 ft. in diameter 
and 10 to 12 ft. high, with flanged gas inlets at the base and in 
the cover. Ribs cast round the inside of the shell serve as 
supports for the cast-iron grids on which the contact-mass is 
placed. These shelves are spaced from 18 in. to 2 ft. apart, 
and the number of shelves is generally five, each carrying 
about 1500 lb. of mass. The coarsest material is placed first 
on the grids, the finest being at the top. There arc usually 
two converters of this size on each unit, arranged in parallel 
* Zeisberg, Trans. Amer. Electrochem. Soc,^ I9*9> 193. 
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with a total capacity of 14 to 1 6 tons of sulphur trioxide a day, 
but some designers prefer smaller vessels and use four to a unit, 
each 5 ft. in diameter.^ 

The controlling factor in this case is the radiation from 
the sides of the vessel, which can be adjusted by varying the 
amount and position of 
the lagging. It has been 
proposed to make the con- 
verter with fins on the 
outside to render the 
radiation more readily 
controllable (U.S. P. 

857389). To compel the 
gas current to spread 
equally through the layer 
of mass the device may 
be adopted of placing 
fine contact-mass at the 
centre of the layer, and 
coarser mass concentri- 
cally round it, the coarsest 
material being at the 
periphery. The layer is 
divided into annular zones 
for this purpose by open- 
ended sheet-iron cylinders 
(Ger. P. 18077). 

Plants were in opera- 
tion quite recently which, 
although they possessed 
modern arrangements of ^ ^ 

r -2.— Grille Convener— Old Pattern. 

their purifying systems, 

still retained this elementary type of converter. In spite 
of its being a not very efificient utiliser of platinum and of 
possessing no means of recovering a large part of the heat 
of conversion, it has the merit of simplicity of construction 
and freedom from leakage, qualities in which more complex 
types are often lacking. 

To facilitate dealing separately with any particular layer 
* C/,S. Dept, of Int.j Bull. 184 , 173. 
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of contact-mass, it has been proposed to build the converter 
in sections placed one on the other. Each section could then 
be replaced by another as required (Stone, U.S. P. 71186 
of 1902). 

An unusual proposal to absorb the heat of reaction is 
that made by Blackmore (Blackmore, B. P. 27907, of 1904), 
to carry out the combination in the same time and place 
with an endothermic reaction so that the total heat liberated 
is zero or very small. As an instance the reactions expressed 
by the equation 3SOo + 2NOo + C02-> CO-h3SO^-f2NO are, 
as a whole, endothermic. The patent has forty-one claims in 
regard to this and similar speculations. 

2. Converters with Internal Regeneration. 

In Fig. 23 is represented a more developed form of the 
converter described in the Badische patents. The converter 
body, S S, was surrounded by a brick casing so that the 
whole vessel could be heated to the temperature of reaction 
by the flames It, h\ the products of combustion escaping at L. 
The burner-gas passed first through the heat regulator G 
then through the valves V V' into chambers A and A', which 
supplied the whole circumference of S with gas as well as the 
radial pipes B B'. These were provided with holes varying 
in size so that the gas v/as uniformly distributed throughout 
their length. To lead the gas as near as possible to the 
contact tubes a number of diaphragms C were provided, 
forcing the stream to travel close to the pipes. The gas was 
thoroughly mixed before entering these pipes via O and F, 
by means of the baffle-plates in the chamber N. Thermometers 
placed at D and D' enabled the velocity and temperature 
to be regulated. Additional cooling could be obtained if 
required by admitting cold burner-gas through V" and J. 

Special methods were described for arranging the contact- 
mass. Loose platinised asbestos is apt to become compressed 
by the gas stream. By means of the arrangement shown in 
Fig. 24 the mass was placed in the tube in short independent 
sections, and the pressure required to force the gas tlirough 
it was minimised. The mass was .spread on perforated circular 
plates cf c" d" strung round a central spindle a (Fig. 24 («)) 
and separated either by short lengths of pipe, or as in {b) by 
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pins attached to the under surface of the plates. In this way 
the resistance to the passage of the gas was diminished 


and consequently the pres- 
sure required w^as less. Every 
pipe could be made to offer 
the same pressure and the 
distribution of gas in the 
pipes thereby made uniform 
(B. Ps. 15950 of 1898; 6828, 
10729, 12781 of 1901). A 
more usual and later de- 
velopment of this method of 
separating the mass in the 
pipes is to dispense with the 
central rod and to fit each 
plate with a single pin which 
fits into a hole in the centre 
of the next plate. 

In all tubular converters 
the filling of the contact-mass 
into the tubes takes time and 
labour, and this is often said 



to be one of the defects of 
this type; but since with 


efficient purification the life of the mass is ten years or more, 
and is limited only by the gradual disintegration of the asbestos, 



the objection has only moderate weight. The Badische type 
of apparatus is said to be apt to develop internal leaks. 
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The Tentelcw converter in very general use is also a tubular 
apparatus, but the method of heating up the inlet gases to the 




Fig. 25. — icnlelew Converter and Heat I!x( han^^cr. 

temperature of reaction is quite different from that of any other 
type. The tubes are set in a heavy tube plate at their lower 
ends, but their upper ends are free. The upper end of the 
converter forms a free gas-space, in which the downward 
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velocity of the entering gas is reduced to a very low value. 
There is therefore opportunity for the hot tubes to impart 
heat to the incoming gases by convection and to some extent 
by radiation. This is shown in Fig. 25, which represents the 
converter coupled to the heat exchanger with which it usually 
works, as .shown in the first patent (B. P. 11969 of 1902). The 
gas enters at C and passes through a distributing plate S, which 
often supports filtering material to catch dust, and then into 
the equalising space H, downwards through the tubes K 
containing the mass, and out to the heat exchanger. In 
practice with this converter, gas may enter from the “ regulator ” 
at 220°, be heated to 380'' by passing through the equalising 
space to the openings of the tubes, attain 470° some distance 
down the tubes, and leave the converter at 430°. The platinised 
asbestos, containing from 7 to 10 per cent, of platinum, is 
packed into the tubes between perforated discs of malleable 
cast-iron with spaces of an inch or more between, each disc 
resting on a central stud projecting upwards from the one 
below. 

The Tentclew Company in later patents (B. Ps. 2C952 of 
1904; 23419 of 1904) recognised that in the converter which 
has just been mentioned, the greatest development of heat 
occurred in the upper portions of the contact-tubes, com- 
paratively little taking place at the lower ends, and proposed 
a division of the contact-mass into two separate portions 
to take advantage of this fact, and to secure more uniform 
temperature in the second half. The converters of this design 
have not come into general use. The principal portion of the 
contact- mass is placed on a sieve plate forming the bottom of 
an equalising chamber of much greater diameter than the rest 
of the converter, as may be seen in Fig. 26. The remainder 
of the contact-mass is placed in the narrower tube below this. 
The upper layer of contact-mass presents a large surface and 
can dissipate a great deal of heat into the equalising space. 
There arc here no ends of pipes to assist this dissipation and 
their place is supplied by square hollow pyramids M which 
stand in close contact with the sieve plate. Fig. 27 shows 
one of these pyramids more clearly. The incoming gas, after 
preheating in the regulator shown in Fig. 25 and passing down 
through the equalising space, is said to be converted in the 

T 
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upper layer to the extent of 90 or 95 per cent Only little 
heat is consequently developed in the lower section of the 
catalyst This section is not an assemblage of tubes, and 



since the cross section of the upper layer is greater than 
in the other type, the power required to propel the gas is 
much less than before. 

Further improvements lay in providing 
for a “dead” layer of gas between inner 
and outer vessels of the converter, and in 
making all parts of the apparatus more 
readily accessible. 

The sieve L, rests on a flange Ji which is 
also supported from below by the rings i\ /, 
and the pillars j ( 1 ^'ig. 26). On the sieve L is 
placed another sieve, composed of a number of 
perforated square plates in, each of them surmounted by the 
pyramids M. The principal portion of the platinised asbestos 
is spread on the plates ;//, in a layer reaching nearly to the 
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top of the cones M, M. If the apparatus is to be stopped for 
replacing the contact-mass entirely or partially, the top plate 
E is removed, then the sieve-plate J, and then any one of the 
plates in can be taken out without disturbing the others. 
The pyramids M, M, abstract heat not only from the contact- 
mass Q, but also from the 
plate L, and convey it by 
convection (radiation into 
the gas seems hardly likely 
to account for much heat 
transference) into the de- 
scending gas current. Plate 
L is made in pieces and can 
be taken out separately. By 
providing a conical empty 
space round the chamber A 
a stagnating layer of gas 
round K is created, which 
assists the heat insulation of 
the apparatus considerabl)'. 

A converter which has been 
widely used is that consisting 
of an upright cylinder with 
grids inside to support the 
contact- mass, and fitted with 
a jacket through which the 
incoming gases are circulated 
on their way to the mass. 

This is the converter of F'ig. 

22, with the addition of a 
cooling and regenerating de- Fig. 28. — c (Jilllo Converter, 
vice. The arrangement of 

the parts is shown in the diagram of Fig. 28. The gas enters 
tangentially into the space between the two cylinders at the 
bottom (in case of Fig. 28 it is shown entering at the back) 
and by means of baffle-plates P, is caused to pass almost 
round the converter and then upwards into the space between 
the next two bafflc-plate.s, and so on until it reaches the top 
of the inner cylinder, having passed round this five times on 
its way. It then passes through an iron grid-plate S and into 
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the first layer of mass, which is supported on the perforated 
plate Si- Issuing from this layer the gas is mixed and brought 
closely into contact with the inner wall by the baffle-plate B. 
In this way the gas passes through four layers of mass in turn 
and finally issues at the bottom. The whole vessel is built 
into a brick casing and thoroughly lagged. 

This converter was used in the Grillo plants of the Depart- 
ment of Explosives Supply during the War and was found to 
be very satisfactory during the whole of the time those plants 
were in operation. About 2250 lbs. of anhydrous mass was 
used on each shelf, and the converters of a unit had a total 
capacity of 20 to 25 tons of trioxide in twenty-four hours. 
Further details of the construction and methods of filling and 
working will be found in the description of this plant which 
is given in a later chapter. When the full amount of 5 per 
cent, gas was being dealt with, the temperature of the entering 
gas was about 320^ This rose to 360° to 370^^ during the 
passage through the jacket, and the best conversion (96 
per cent, or so) was obtained when the temperatures of 
the pyrometers immediately above the four la)’ers were 
nearly the following: No. i, 360 to 370; No. 2, 450; No. 3, 
460; No. 4, 440. Under these conditions the first layer 
accomplished about 30 per cent, of the work conversion. By 
raising the inlet temperature to such an extent that the gas 
leaving the first layer was heated by conversion to 500° or 510'', 
the first layer became capable of a much greater share of the 
work, 60 or even 70 per cent. This is in accordance with what 
has already been said in relation to the dependence of the 
velocity of reaction on temperature. 

This type of apparatus has a fairly high thermal efficiency 
when combined with an external heat exchanger. It is not 
structurally very simple, and has been found in some cases 
to develop leaks on extended use which, on account of the 
involved relation of the parts, cannot readily be repaired. 
For the same reason nothing can be done to influence the 
action of any separate layer. If, for instance, the inlet 
temperature is rai.sed as mentioned above, the conversion in 
the first layer is greatly increased, but the other layers thereby 

become so hot that the total conversion falls considerably 

under these conditions, probably to about 92 per cent. In 
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the same way it was not found possible to make economical use 
of a more concentrated gas than about 5 per cent., and, as will 
be seen later, the possibility of running regeneratively, 
with no heat beyond that of the reaction, was barred out 
in these circumstances. 

What is required, therefore, in all converters which consist 
of separate sections, is some ready means of regulating the 
temperature of an individual section, without disturbing the 
others. If this can be done, one or more may be worked at 
a comparatively high temperature, at which, although the 
maximum attainable percentage conversion may be somewhat 
lower, the amount of conversion will be greatly increased. 
In this way part of the platinum will be more fully utilised 
and the remainder can be reduced in amount, and — maintained 
at the lower temperature consistent with complete conversion 
— will still be able to deal with the work, which the first 
section has left undone, for the increased activity of the first 
half of the converter means a reduction of the load on the 
second. For economy of yield, or increase of output, which- 
ever may be the object, two conditions are required: (i) 
High temperature to convert as much as possible; (2) lower 
temperature to convert as completely as possible. It is clear 
that independent sections of contact-mass fulfil these conditions 
best. The sections are usually more or less thermally 
dependent, and of the required conditions each to some 
extent defeats the other. 

A mode of construction by which these principles can 
evidently be put into operation is that of the patent taken out 
in 1914 and assigned to the General Chemical Company (Wolfif, 
U.S. P. 1099530). A considerable number of contact and heat 
exchanging compartments are placed over one another and 
directly connected. Fig. 29 shows this in diagrammatic form. 
The gas enters at the bottom, and, assuming both valves to be 
shut, passes through the two heat exchangers in succession and 
over the top of the internal converter into the contact-mass, 
down through this and through the insides of the heat 
exchanging tubes. By adjustment of the two valves, the 
extent to which the gases are cooled in their passage from one 
layer to another can be controlled, and the temperature of each 
separate contact-section can be regulated. The freedom of the 



166 


CONVERTERS AND CONVERSION SYSTEMS 

apparatus from the large amount of external piping, which 
would be required for control of the sections as structurally 
independent units, is mentioned as an advantage. 

A modification of the jacketed converter which allows of 
controlling the extent of the preheating of the entering gases 



and also, it is claimed, the amount of cooling of any particular 
section of contact-mass, is that outlined in Fig. 30 (Parodi- 
Delfino, B. P. 113017 of 1917). The incoming gas passes 
through the tubes of a heat exchanger which is annular in 
plan and surrounds the converter. The converted gas passes 
wholly or partially over the outside of the tubes according to 
the adjustment of valves of three separate exit pipes. The 
actual jacket to the converter is formed by the gases of reaction, 
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3. Conversion in Dual Converters in Series. 

The advantages which are secured by dividing the contact- 
mass into two (or more) sections which are thermally inde- 
pendent have been indicated in the foregoing paragraphs. 
It has already been noticed that the reaction is increased 
in velocity forty times or more by increasing the temperature 
from 400° to 500". This thermal independence of the sections 
is best obtained by using more than one converter, and working 
one at a high temperature suited for rapid action and the 
other at a low one to complete the conversion. This procedure 
appears to have been first realised by the Huchst works and 



Fig. 32. 

described in their patent of 1901 (B. B. 1385). A further 
patent of 1904 (Kaufmann, B. P. 7074) recommends the 
arrangement shown in the diagram of P'ig. 32. After reaction 
at a high temperature the gas passes through a heat exchanger 
and, being then suitably cooled, is passed through the second 
converter. A similar claim, apparently by the same firm (Le 
Blanc and Kraus, U.S. P. 726076 of 1903), states that 75 per 
cent of the conversion is accomplished in the first stage, at a 
temperature of 530°. The products of the reaction are then 
cooled by the admixture of gas which has no influence on the 
reaction, or in pipes, and the conversion is completed at 430°. 

This idea is also the subject of the Herreshof patents 
(U.S. Ps. 719332, 719333 of 1903), which have been worked 
extensively by the General Chemical Company. The double 
converter appears to be typical of a number of plants in the 
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United States which work on this or on the Herreshof-Badische 
system, and it is said to result in a greatly diminished require- 
ment of platinum. In some cases, the first converter is the 
larger, but contains the weaker contact-mass ; the second 
converter is smaller and although containing richer mass, 
holds on the aggregate less platinum than the first. 

In a later patent taken out by Knietsch (U.S. P. 809450) 
it is stated that this procedure may be carried out in several 
stages, but that two will in general be found sufficient. Working 


CONVERTER 2. CONVERTER I. 



Fig. 33. — Arrungement of duplicate Converters and Heat Fxchangers. 


in two stages, only half the platinum formerly used is required, 
and in each converter is only one-quarter of that which was 
placed before in a single converter. The conversion in the 
first converter should be from 80 to 90 per cent. In some cases 
as much as 70 per cent, of the platinum can be dispensed with. 
If under ordinary conditions with a single converter 100 parts 
convert to the extent of 97 per cent., about 80 per cent, of 
this is done by 15 parts of the metal, the remaining 17 per 
cent, requiring all the catalytic activity of the other 85 parts. 

The arrangement of the two converters and their heat 
exchangers is shown in Fig. 33, which is a diagram of the 
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conversion system of the four 20-ton units of the Bayer plant 
at Dormagen. The conversion in the first vessel has been 
observed to be from 76 to 78 per cent., and that in the second 
from 96 to 97 per cent., the overall conversion being therefore 
99 per cent. Each converter contained a number of sections 
packed with asbestos fibre. So far as is known this carrier 
is used on all plants of this type, although there appears to 
be no reason to believe that Grille mass could not be substituted 
for it. A similar arrangement was reported to be in operation 
at the Hdchst works of Meister, Lucius and Briining, in 1919. 
The first converter was said to work at 580", the second at 435 
and with an inlet gas of 6 5 per cent, a total conversion of 
97*7 per cent, was obtained. It will be noted that the inlet 
gas passes first through the heat exchanger attached to the 
second (and cooler) converter. The use of two heat exchangers 
in succession in this way makes the heat regeneration easier 
to carry out than with a single one, and during operation no 
external heat need be applied. 

In Fig. 34, which shows the connection of the conversion 
and absorption systems of an American /uuiisc/ic plant, the 
same features will be noticed.^ 

The Hdchst works found that the advantages of the multiple 
conversion were greatly increased by removing the sulphur 
trioxide formed after the first conversion. This procedure 
was patented in 1901 (B. P. 2368 of 1901) and can readily 
be seen (from other than practical considerations) to be a 
sound one, for not only does the removal of trioxide tend to 
give a higher conversion at equilibrium by increasing the 
ratio of the oxygen to the sulphur compounds, but, as has been 
shown by Bodenstein and others, the velocity of reaction also 
will be greater if the trioxide is removed. Before absorption 
of the trioxide could be carried out the gases would require 
cooling, and it seems questionable whether in any circum- 
stances the gain in conversion, or saving in platinum, would 
outweigh the loss of heat due to the additional cooling proce.ss. 
The arrangement of a section of plant is shown in 1 ^'ig. 35. 
Gas first enters the first contact space Oj after suitable 
preheating. After the greater part of the sulphur dioxide has 
been transformed it passes into the heat exchanger V^, and 
' U,S, Bureau of Minesy 1920, Bull. 184. 
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after cooling in this, into the absorber F^. From this it is 
carried back to the heat exchanger, then to the second con- 
verter Og, finally via a cooler K to the second absorber F2. It 
is doubtful whether this system is now anywhere in use. 

The admission of cold gas to the contact space, first 
patented by the Hochst works, ^ has been frequently used on all 
types of plant. All that is generally necessary is to arrange 
for bye-passing the preheating and heat-exchanging sections 
of the plant to the necessary extent, so that the temperature 
of the inlet gas can be nicely controlled. As a means of 
controlling sections of a converter it is not of much use, for the 
effect of any cooling is diminished by the increase of load on 
the section treated. In patents of 1903 (B. P. 6824 of 1903 ; 
U.S. Ps. 723595, 723596) the gradual dilution of concentrated 
gas by air in multiple converters is claimed. It is preferable 
to work with gas containing about 1 1 per cent, of dioxide, which 
is partially converted in the first chamber, then mixed with 
more air and passed to the second, and so on. 

Other patents in connection ivit/i the control of conversion : 
Raynaud and Pierron, B. P. 16254 of 1900, separate converters 
at different temperatures; Babatz, B. P. 1216 of 1901, heating 
of pure gases by hot flue gases; Daub and Dcuther, B. P. 9536 
of 1902, alternate layers of ma.ss and cooling elements ; Scbillot, 
B. P. 21616 of 1898, sulphuric acid from blast-furnace gases; 
Scbillot, B. P. 2192 of 1909, catalysis of dilute gases from 
roasters ; Wischin, B. P. 12419 of 1903, arrangement of contact- 
mass. 

Prehkating and Heat-Rkcd^neration. 

There are three sources from which may be supplied the 
heat necessary for raising the temperature of the gas entering 
the converter to the requisite point, (i) The gas may be passed 
through a preheater in which coal or other fuel is burnt. This 
is the oldest method and is always necessary when a plant has 
to be started if the contact-mass is cold. It is also in use in 
some cases for regular running, although in modern practice 
there is no need for the consumption of any fuel at all. (2) The 
heat of reaction may be transferred from the gas leaving the 
converter to that entering it. As will be more clearly seen 

* Loc . cit ,^ p. 153. 
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when the subject is referred to later, this heat is always 
sufficient, with appropriate design, for the purpose in view. 
(3) The heat of combustion of the pyrites or sulphur may be 
transferred in the same way. Methods (2) and (3) are some- 
times combined. The usual type of Mannheim plant uses both, 
and (i) in addition. 

The elements of plant by which all these heat transferences 
are carried out receive different names in different works. It 
will be convenient to distinguish in a general way (1) Preheaters 
in which fuel is burnt, and (2) Heat Exe/uuigers in which hot 
gas passing through the plant is the heating agent. “ Super- 
heater” is a common name for a preheater which is placed 
after heat-exchange apparatus. Other names show perhaps 
less reason than variety. 

Preheaters, — A type of preheater which is in extensive 
use is that illustrated in Fig. 36. The tubes are of cast-iron 
and are cast in Lj-shape, the length being from 7 to 8 ft., and 
the inside diameter from 4 to 6 in. The wall thickness is from 
4 to I in. The gas is delivered from a header into a number 
of these tubes in parallel, and these are connected in series with 
other tubes by means of return bends. Flanged connections 
are not used because the exposure to the heat would not allow 
of the joint remaining tight, and the connection is made by 
casting a shoulder about an inch wide round the ends of the 
tubes and building up a rust joint in a sleeve placed on this 
shoulder. This shoulder is shown in Fig. 37. The cast-iron 
ring is about il in. larger in bore than the outside of the 
pre-heater tubes, about 2 in. thick, and about 5 in. high. The 
rust joint made by tamping in a mixture of sal-ammoniac 
and iron is strong and does not leak when heated. In re- 
fitting the tubes the cast-iron rings are broken with a hammer 
as the jointing cannot readily be extracted. It will be noticed 
that each tube has a pedestal cast on to it, and is supported 
from above by means of a tie-rod fastened to a boss at the 
top of the bend.^ 

In Fig. 90 (which actually represents a heat-exchange 
installation) is shown a somewhat similar construction, but 
for several reasons the arrangement is superior to the last. 
The tubes are suspended in this also by tie-rods which are 
' U,S. Dept, of Int.^ Bull. 1920, 184 , 167. 
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Fig. 36. — U-P'P® Frehe-ater. 
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attached not to the bends, but to a feather cast between the 
two pipes below the flanges. The joints are entirely removed 
from the hot zone and are packed with non-conducting 
material in the usual way. The whole weight of the pipes, 
and of the tiles and insulation, is borne by the tie-rods. The 
lower ends are quite free. This design was used in the pre- 
heaters of the Grillo plants at Gretna and Queen's Ferry, and 

has been adopted elsewhere. Each 
preheater (two to each unit) con- 
tained two chambers, in each of 
which were twenty-four U -pipes 
8 ft. 6 in. long, of 5 in. internal 
diameter and J in. thick. 

It will be noticed from any of 
the figures that the vertical plane 
of any pipe is inclined to the 
general direction of flow. This 
placing of the return bends results 
in each cross-row of pipes being 
staggered in relation to those 
behind and before it, and in a 
greater heating effect. In addition 
it is usual to pass the cold gas 
through the pipe in counter-current 
to the hot gas. The furnace pro- 
ducts are not allowed to pass 
directly on to the tubes. For the 
preheater similar to Fig. 90 there 
Fig. 37.— Details of Preheater Pipes, are two furnaces, and the gas from 

these passes into a combustion 
chamber which is common to both preheater chambers and 
connected with them by vertical slits in the partition wall. 
This type of preheater operates with very little trouble, and 
with joints outside the chamber, leaks are readily detected and 
repaired. It is not possible to give any general figures for 
the fuel consumption, as the duty of the preheater varies greatly, 
and is in most cases only occasional. The thermal efficiency, 
however, is low whenever coal or coke is employed. Oil firing 
IS said to be more efficient. The preheater of Fig. 36 is shown 
with a firebox for burning crude oil. 
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Another type of preheater is that used on the Tentelew 
plant. It consists of a number of steel tubes about 3J in. bore 
set in a square cast-steel header. Into a tube plate which 
divides the header horizontally are set an equal number 
of narrower tubes, each of which passes almost to the bottom 
of a larger one, in the manner of Field boiler tubes. For a 
production of 10 or 12 tons of trioxide, over 100 of these 
tubes are used, each about 8 ft. long. The preheater is set 
in a brick furnace, forming a very compact structure, and is 
usually fired with coal (see Fig. 113, p. 367). 

The figures below give some indication of the magnitude 
of the provision for preheating on three types of plant 
They relate in each case to the external heated area of the 
preheater : — 


Plant. 

Ai»prox. ProfJurtiou 

Exposed. 

in tons S<».j / day. 

Preheating Area. 

Cirillo . 

• 22*5 

2880 

Tentelew . 

II-O 

1000 

Mannheim . 

5*0 

80 


Heat Exchangers . — When the heat in the gas passing from 
the converter is to be recovered by the entering gas, tubular 



heat exchangers are always used. The construction of these 
may be seen from Fig. 38, which represents an exchanger 
inserted after the platinum contact of a Grillo or Mannheim 
plant. There are two internal tube plates, and into these 

u 
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are expanded lOO steel tubes of 2i-in. bore. Two baffle- 
plates, through which the tubes are passed, cause the gas 
passing over the tubes to take a zigzag course between the 
two orifices. The converted gas containing trioxide usually 
passes through the tubes, although there are exceptions to 
this. The tubes can be cleaned in the inside by removing 
the end covers and driving cleaning bars through them, whereas 
the outsides are impossible to reach. The efficiency of heat 
transference is to a large extent dependent on the state 
of the tube surfaces. The lagging of the whole vessel should 
be thorough in order to reduce the heat loss as far as possible. 

Additional examples of similar construction will be found 
illustrated in Fig. 39, and in the Tcntelew regulator ” attached 
to the converter in Fig. 25. The first of these contains not 
only baffle-plates, but in addition has gas chambers by which 
the direction of the gas in the pipes may be changed as 
well as that of the gas outside. The path of the gas is shown 
by arrows. There are three changes of direction, so that the 
path of the converted gas is four times as long as in the first 
example of Fig. 38. Such an exchanger would have about 
200 tubes of 2-in. bore. It is completely lagged by insulating 
material packed into a surrounding vessel of sheet-iron. 

The second example, the illustration of which is copied 
from the Tentelew patent and shows the connection with 
the converter, is of interesting construction. The number of 
tubes is often over 300, and the allowance of cooling surface 
for unit weight of gas is high. The converter exit-gas passes 
upwards through the central pipe and downwards through 
the surrounding tubes, the incoming gas ascending outside 
in counter-current. With this element of plant the recovery 
of heat can be made so complete that, other conditions being 
favourable, regenerative running (z>., running without heat 
from fuel or from combustion of the pyrites) is regularly 
possible. The heat recovered may, in fact, be too much, and 
by means of the valve at the bottom, a fraction of the hot 
gases may be by-passed to the main without going through 
the heat exchanger. The conditions for completely regenerative 
running are referred to below. 

Fig. 90, which has already been referred to, represents the 
“heater cooler*’ of a D.E.S. Grille plant. There were in all 



HEAT EXCHANGERS 


179 


six rows of eight U-p^P^s, heated by the sulphur burner-gases, 
which left the burners at from 550'' to 650'', and by passing 
outside the tubes and through some connecting flues of brick, 



Fig. 39. — nuflled llcal Kxcluiiigcr. 


were cooled to about 300 at the entrance to the leaden gas- 
cooler. The construction and dimensions were exactly similar 
to those of the preheater which has already been described. 
In operating this kind of heat exchanger it is always 
necessary, for reasons of safety alone, to maintain such a 
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temperature that no acid can condense either on the outside 
or the inside of the pipes. 

Theoretically, if a heat exchanger were very long and were 
operated on the counter-current system, all the heat which 
the first gas-stream had in excess of the second should be 
transferred to the second stream in one passage through the 
exchanger. In practice with exchangers of the dimensions 
shown in Fig. 38, the cold gas becomes heated to a temperature 
which is about the mean of the two initial temperatures. To 
gain much more than this it would be necessary either to 
lengthen the apparatus considerably, or to have two exchangers 
in series. 

In the table given on page 18 1 some representative figures 
relating to various types of heat-exchange apparatus, all of 
which are illustrated, have been set out. It should be borne 
in mind that on each plant all the types mentioned may be 
used at once, and that in the case of the Mannheim plant it is 
usual to heat the gas over the final range of 100'’ or so, by an 
additional coal or coke-fired preheater. 

Regenerative Operation , — If the converter with its internal 
or external heat exchangers be regarded as a single system, 
it becomes clear that, neglecting heat losses, the necessary 
temperature in the converter can be maintained only if the 
heat carried away in the outgoing gas (diminished by the 
heat carried in by the incoming gas) is less than or equal to 
the heat of reaction. If the specific heats of the gas mixture 
before and after conversion are taken as the same (an almost 
necessary assumption which is not far from correct), the rise 
of temperature due to a 95 per cent, conversion is found to 
be, for a gas containing 5 per cent of sulphur dioxide, 141°; 
for a 7 per cent gas, 193°; and for a 10 per cent gas, 281°. 
It follows, therefore, that the system will gain heat if the con- 
verted gas leaves it at a temperature which exceeds that of 
the incoming gas by less than 141^ 193'’, or 281°, in the three 
cases. This makes it clear that the necessary recuperation 
will be more readily performed the higher the percentage of 
sulphur dioxide. Dissipation of heat from the converters and 
exchangers modifies these figures considerably, without altering 
the principle. Heat exchange is naturally less difficult the 
higher the final permissible temperature of the converted gas, 
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so that for regenerative running a gas concentration of 6*5 to 
7*5 per cent, (occasionally even higher) is a great advantage 
and is frequently maintained. Such a concentration, of course, 
implies an arrangement of the contact-mass by which the 
temperatures in the converter arc prevented from rising too far, 
and is probably more readily dealt with (and more economical 
distribution of platinum secured at the same time) by means 
of the system of duplicate converters which has already been 
mentioned. 

The requirements for regenerative operation are therefore : 
(i) very efficient heat-insulation; (2) efficient heat exchange; 
and (3) fairly high sulphur dioxide concentration. If, in 
addition to the heat of the gas reaction, the heat set free by 
the combustion of the raw material can be drawn on, the 
problem becomes much more simple, for the high temperature 
of the gas from pyrites-burners, even when it contains only 
5 per cent, or so of sulphur dioxide, is well known to evcrj onc. 
Even with sulphur, when the heat of combustion (per unit of 
sulphur) is only about three-quarters as much as in the former 
case, sufficient heat is set free to raise, on the basis of Herthelot’s 
figure, a 7 per cent, gas mixture to 630' and a 10 per cent, 
mixture to 860°. Actual temperatures of sulphur burner flues 
are often between 600 and 700°. From such sources of heat 
the gas can be heated nearly or entirely to the temperature at 
which conversion begins, and the regeneration of heat from the 
converted gas becomes a matter of far less importance. 

Of all types of plant which are known to be operated in 
this country, with the possible exception of one or two about 
which information is unobtainable, the Tentelew is the only 
one which works without either consumption of fuel or 
utilisation of the sensible heat of the burner-gas. 

The Estimation of Percentage Conversion. 

The estimation of the degree of conversion usually forms part 
of the normal routine of a contact plant, sufficient tests being 
made from time to time to make certain that each converter 
is doing the work expected of it. The actual control is to a 
large extent dependent, in most cases, on the temperatures 
indicated by thermometers placed in, or near the catalytic 
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mass, but conversion tests are nevertheless required with a 
frequency which varies from plant to plant and with the 
conditions of operation. 

Three lines may be followed in making these tests. Method i 
— The percentage of sulphur dioxide may be determined before 
and after conversion. This is the most usual and the 
most accurate way. Method 2 — The percentages of sulphur 
dioxide and of the oxygen remaining may be determined 
after conversion. The calculation here depends on some not very 
certain assumptions regarding the amount of oxygen consumed 
in the combustion of the pyrites or sulphur, but the pro- 
cedure is very useful where the first cannot be adopted. 
Method I — The ratio of sulphur trioxide to dioxide is found for 
the converted gases. This seems simple, but in practice there 
are great difficulties. It is almost impossible to absorb sulphur 
trioxide in an aqueous solution rapidly and completely without 
cumbrous apparatus, and it is never quite certain that all 
the trioxide has passed uncondensed through the inlet tubes 
of the apparatus. The dissolved dioxide also is oxidised by 
the oxygen present, and the results are vitiated. This method 
is occasionally used, but will not be referred to further. 

To make simultaneous determinations of sulphur dioxide 
in the gases entering and leaving the converter is a more 
straightforward matter, and although certain precautions are 
necessary, the results may be obtained with considerable 
accuracy. For this purpose the Reich method has been most 
commonly used and received considerable attention and 
amplification. It will therefore be discussed in detail, 
particularly with regard to the .special precautions which are 
made necessary by the presence of sulphur trioxide. The 
Reich test in its usual form lasts only about five minutes, 
and to meet the need for a test averaging the conversion 
over a period of hours, “continuous*’ tests are often made 
which will be referred to later. 

It is sometimes the practice to obtain one of the samples 
from the gas leaving the absorbers, />., from the gas after 
removal of the trioxide formed. By this choice of sampling 
places it is made possible to obtain, in each case, gas free from 
trioxide. Testing becomes a simpler matter, and aspiration 
tests can be made without trouble; but the procedure is not 
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otherwise a good one, for absorption of dioxide by the acid in 
the absorbers, and other causes, are liable to alter the propor- 
tion of dioxide from the value it had at the converter outlet. 
As the object of the test is to evaluate the performance of the 
converter, the sampling places should in every possible case 
be at the converter inlet and exit. The sampling pipes should 
all be at the same height (4 ft. 6 in. from the ground is con- 
venient), and should all project (without bends) from the main 
pipes in the direction of the right hand of the tester, />., he 
should always have the main pipe on his left. A piece of 
f-in. pipe, long enough to project about li in. beyond the 
surface of the lagging, is tapped into the main pipe, and 
into the |-in. pipe is fixed a 6-in. length of j} or |-in. pipe, 
the outer end of which has been tapered down to take the 
rubber connection. 

These sampling pipes may be fitted with a cast-iron plug- 
cock ; but as this involves more trouble in cleaning, it seems at 
least equally satisfactory, if the pressure inside the converter is 
not too high, to close the tapered end of the [)ipe with a piece 
of rubber tubing and glass rod, when tests are not being made. 
When new fittings are put in they must be freed from all 
traces of grease. This can be done most readily by heating 
each part to redness in a fire, and then making the connections 
with silicate of soda. If this is not done, an exit sampling 
pipe may cause the trioxide to be reduced and the unconverted 
dioxide to appear absurdly high, for several weeks. 

The Reich Test (JMethod i). — Suitable apparatus is shown 
in the sketch. C is the iron sampling pipe. Through the 
rubber tube r, closed when not in use by a short length of 
glass rod, passes a narrow glass tube /. The use of this glass 
tube avoids contamination by the dirt which always lodges in 
the iron pipe. On a high-pressure system such as the Tentelew, 
this glass tube and the rubber stoppers could not be applied 
and removed without great difficulty, and the iron sampling- 
pipe with a stop-cock must be relied on. It should be cleaned 
and replaced before each series of tests. A wide-mouthed clear 
glass bottle of 200 c.c. capacity (^) is suitable as an absorption 
vessel. An inlet and an exit tube should be fixed in by means 
of a double-holed rubber stopper. The inlet tube descends to 
within I in. of the bottom of the bottle and is drawn out at the 
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end to a fine point. About an inch above the rubber stopper it 
is bent at right angles, and the horizontal portion, which should 
be about 4 in. long, carries a glass stop-cock. The aspirator (a) 
should hold about 2 litres and may be replaced, with slight 
modification, by a Winchester quart bottle. It is fitted with a 



siphon, each limb of which is longer than the height of the 
water in the aspirator at starting. The run-out tube for the 
water carries a pinch clip (/) and ends in with a short length 
of glass tube drawn out to a point. Decinormal iodine solution 
is required for the inlet test. Centinormal iodine solution 
should be made from this daily, using an accurate 25 c.c. 
pipette and an accurate 250 c.c. flask. Great care should be 
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taken that both these solutions are kept in the coolest available 
place. Centinormal iodine which is allowed to become warm 
loses strength very rapidly. 

The stronger solution should be accurately dccinormal, but 
a slight inaccuracy here does not affect the figure obtained 
for the conversion, if the above instructions are followed, for 
the very reason that it affects the estimation of dioxide at inlet 
and exit, and renders them inaccurate in the same ratio. 

Starch solution should be perfectly clear (paste is of very 
little use) and should be made afresh each day. 

To make a test, the glass inlet tube and stop-cock arc first 
made thoroughly clean and dry. (It is convenient to dry them 
by allowing hot gas from the inlet side of the converter to 
stream through.) The aspirator is filled up, the cork inserted 
and water run to waste by opening p until the water in the 
siphon stands level. Fifty c.c. of water and 5 c.c. of the starch 
solution are put into the absorption bottle and the iodine 
solution added. The glass inlet tube is connected to the 
tube t by means of a 2-in. length of new black rubber tube, 
so that both tubes are in actual contact, the glass stop-cock 
being closed. The clip on the outlet tube of the aspirator is 
then opened and water run out into the cylinder. If the (low of 
water does not stop altogether in a short time, the apparatus 
leaks and must be repaired. The flow having stopped, begin 
the test, opening the stop-cocks far enough to cause the 
bubbles to pass so quickly that they can hardly be counted, 
but not so fast as to appear a continuous rush of gas. Give 
the absorption bottle a swirling motion all the time the gas is 
passing. When the solution turns deep blue, bubble more slowly, 
and as the colour lightens pass only a bubble at a time until 
the liquid is a faint lavender blue. This is the best end-point. 
Let the run-off tube from the aspirator dip into the water in 
the cylinder, and then raise the cylinder to allow water to run 
back into the aspirator until the manometer stands level again. 
Put the pinch-cock on the water-tube and note the number of 
cubic centimetres of water in the cylinder. Pour this water 
back into the aspirator. 

For the first preliminary test use only about 2 or 3 c.c. of 
iodine solution. After this add exactly 10 c.c. and go on again, 
repeating until the results are consistent. 
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It must always be borne in mind that, although these tests 
are simple in principle, they require both care and practice. 
Too much attention cannot be paid to the cleanliness of any 
article which is in contact with the free trioxide. If the 
manipulation is not of the best, the inlet tests tend to give 
high results and the exit tests low ones, so that conversion is 
apparently too high. When the sulphur dioxide percentage 
at the inlet exceeds 6, or when it exceeds o*6 at the exit, it 
is advisable to use 20 ex. of iodine solution instead of 10, thus 
increasing the volume of the water run out, otherwise too small 
for accurate reading. Each test should last four to five minutes. 
A series of experiments made by the writer showed that under 
these conditions the amount of dioxide passing unabsorbed 
was inappreciable. To use excess of iodine and titrate back 
is therefore unnecessary. It was also found that the mere 
presence of trioxide in the gas under test was quite without 
results, identical figures being obtained in parallel experiments 
run with and without its removal. 

In place of the expensive potassium iodide which is in 
general use for the solution of the iodine, caustic soda may 
be used, as has been shown by Lowc^ in experiments carried 
out on a contact plant. The modified solution contains 
635 gm. iodine, 150 to 180 gm. caustic soda, and water up 
to 50 litres. From this X/10 solution the whole of the iodine 
is liberated by adding acid, and the addition of the sulphur 
dioxide alone in the inlet test provides all the acidity required. 
In the exit test the addition of a little sulphuric or hydrochloric 
acid is found to be necessary. 

Calculation of Results . — As will be shown on page 190, the 
percentage conversion is most conveniently obtained from the 
results of the Reich tests immediately, without reference to 
the dioxide percentages. But dioxide estimations are frequently 
required, and for this purpose the tables below may be used. 
They are calculated on the basis that 10 c.c. N/io iodine 
solution absorb 10-93 SOo at o'" and 760 mm. 

The percentages being known from the two Reich tests, the 
conversion can now be calculated. The percentage actually 
found at the converter inlet will be noted by a, that at the 
exit by b. If the lOO vols. in which b vols. of sulphur dioxide 
* y. Soc, Chetn. Ind, (Trans.\ 1921, 40 , 123. 
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were found had actually contained a vols. before conversion, the 
percentage conversion would be given by the equation — 

, = . . . (i), 

a 

but this is not the case, for the total volume of the gas has 
diminished between the two tests. Suppose that a vols. of 


hi/ft Test, To-oo c.c. N/io Iodine. 


1 

! 

c.o. ! 


Tor cent. SOo at 

i 

p.r. 

r»‘r SOj at 

10". 

15 ’. 

20’. , 

25 *. 

10’. 

KV. 

20°. 

25 ". 

! 

lOO 

10-20 

10-34 

10-50 , 

10-66 

260 

4-16 

4-25 

4-32 

4*39 

no 

9-34 

<>•48 

(j .64 

9-79 

265 

fio 

4-17 

4-24 

4*31 

120 

8-63 

8-77 

8.91 

9-04 

270 

4-03 

4-09 

4.16 

4*23 

130 

8-02 

8.15 

8-28 

8.41 

275 

3-96 

4-02 

4*09 

4- 1 6 

140 

7.40 

7 61 

7-73 

7-85 

280 

3-89 

3*95 

4-02 

4.09 

150 

7-02 

7-14 

7*23 

7-37 1 

290 

3 - 7 ^ 

3-82 

3-89 

3-95 

155 

6.81 

6.92 

7.04 

7-15 : 

300 

3-64 

3*70 

i- 7 (> 

3-82 

160 

6.61 

6-72 

6-83 

6.94 1 

310 

3-53 

3‘59 

y(>S 

3*71 

165 

6-43 

6-53 

6-64 

6-74 i 

320 

3-42 

3-48 

3*54 

3*59 

170 

6-25 

6-35 

f >-+5 : 

6.56 , 

330 

3-33 

3-38 

3*43 

3-49 

175 

6-08 

6-i8 

6-28 

6.38 

340 

3-23 

3-28 

3*33 

3*39 

180 

5-92 

6-02 

6-12 

6-22 

350 

3-14 

3-19 

3*24 

3-30 

185 

5-77 

5-87 


6 -06 1 

360 

3-05 

3-10 

3.16 

3-21 

190 

5-^^3 

5-72 

5.81 

5.91 

370 

2-97 

3-02 

3*07 

3-12 

195 

5-49 

5-58 

S-f ^7 

5-77 

380 

2-89 

2-94 

2-99 

3-04 

200 

i 5-36 

5-45 

5-54 ! 


390 

2-82 

2-87 

2-92 

2-97 

205 1 

' 5-24 

5-33 

5-41 j 

5-50 

400 

2-75 

2-80 

2-85 

2-90 

210 

; 5-12 

5.20 

5 - 2<4 , 

5-38 

410 

2-69 

2-74 

2-78 

2-83 

215 

: 5-01 

5-09 

5-'7 i 

5-26 

420 

2-63 

2.67 

2.72 

2-76 

220 

4.90 

4.98 

506 j 

5.14 

430 

2-57 

2-6i 

2-66 

2-70 

225 

1 4-79 

4.87 

4-95 1 

5.04 

440 

2.51 

2-55 

2-50 

2-64 

230 

4.69 

4-77 

4-»5 ! 

4-93 

450 

2.46 

2-50 

2*54 

2-58 

235 

1 4.60 

4.68 

4-75 i 

4-83 

470 

2-35 

2-39 

2-43 

2.48 

240 

4.51 

4.58 

4-66 ] 

4-74 

490 

2-26 

2-30 

2-34 

2.38 

245 

4.42 

4.49 

4-57 

4.64 

510 

2-17 

2-21 

2-25 

2*29 

250 

4-34 

4.41 

4.48 

4-35 

540 

2-05 

2-09 

2-13 

2‘I6 

255 

4-25 

4-33 

4.40 

4-47 

570 

1-95 

1-98 

2-02 

2-05 


dioxide were originally present in lOO, and that the con- 
version has been c per cent. Then caj lOO vols. of trioxide 
were formed and {ioo — c)aj\oo vols. of dioxide remain. 
But from the original lOO, the combination of oxygen has 
caused cal200 vols. to disappear, and since the trioxide also 
practically disappears during the test the lOO vols. have 
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shrunk to \oo--yaj200. The actual percentage of dioxide 
now is — 

, (loo - c)a 

b = ^ 

loo - yaj 200 

and from this we obtain — 

, ^ . . . (2). 

a (i - 0.015^) 


Exit Testy 1000 c.c. N/ioo Iodine, 


c.c. 

For cent. SO.j at 

c.c. 

Per cent. 80 -^ at 

. _ _ _____ _ 

10’, 

j 

, i 

20’. ; 

1 

1 

1 

10'. ! 

1 

15 ’. 

20’. 

i 

i 25 ’. 

170 

0-G62 

0 fi 74 ' 

0-6S3 ■ 

0-697 ! 

330 

0.342 

O-34S 

0-354 

0-360 

175 

0-643 

0'^>55 

0-666 

0-677 ! 

340 

0-332 

0-3 3 S 

0-344 

0.330 

i8o 

0-626 

0-637 

0-648 

0.63s 1 

350 

0-323 

0.328 

0-334 

0-340 

IS5 

0-609 

0-62 1 I 

0 630 

0.641 ' 

360 

0-314 

0.319 

0-325 

0-330 

190 

0.503 

0-603 

0-614 

0-624 i 

370 

0-305 

0.31 1 

0-316 

0.321 

195 

o-37<S 

0.3S8 

0-39S 

o-()oS ^ 

3 So 

0-297 , 

0-303 

0 

6 

0-313 

200 

o*S ^>3 

0-573 

0-3S3 

0-593 ' 

390 

0*290 1 

0-295 

0.300 

0-305 

203 

0-550 

0-559 

o- 5 f,<) 

0-379 

400 

0-282 

0-287 

0-292 

0 - 2<)7 

210 

0-537 

o. 34 (» 

o- 55 ^> 

0-565 

110 

0-276 

0-280 

0-283 

0.290 

2IS 

0-524 

0-533 

0-543 

0-552 

420 

0-269 

0-274 

0-278 

0-283 

220 

0-512 

0*321 

0-530 

0-539 

; 430 

0-263 

0*267 

0.272 

0-277 

223 

0‘5oi 

0.310 

o- 51 'J 

0.527 

1 440 

0-237 

0-261 

0-266 

0.270 

230 

0-490 

0-499 

0-507 

0-516 

; 450 

0-231 , 

0-256 

0 

6 

0-264 

235 

0-4 So 

0.48S 

0-497 

0-505 

470 

0-240 

0-245 

0-249 

0.233 

240 

0 

6 

j 0.47S 

0.486 

0-495 ; 

: 490 

0-231 

0-235 

0-239 

0-243 

245 

0-460 

1 0-468 ; 

0-477 

0-4 S3 i 

ii 510 

0-223 

0*226 

0-229 

0.233 

230 

0.451 

: 0-459 

0.467 

0-475 

1: 540 

0-209 ’ 

0-213 

0.217 

0-220 

255 

0-442 

' 0.450 

0-438 

0-466 , 

570 

0-198 1 

0-202 

0-203 

0-209 

260 

0-434 

i 0-442 I 

0-449 

0-457 1 

;( ()00 

: 0-189 1 

0.192 

0-195 

0-198 

263 

0-426 

i 0-433 1 

0-441 

0-448 i 

630 

o- 1 So 

O.1S3 

0-186 

0-189 

270 

0-4 1 S 

! 0-426 

0-433 

0-440 1 

1 660 

0-171 ; 

0-174 

0-177 

O-I So 

275 

0-410 

' 0-418 

0-425 

0-432 ‘ 

1 7<x> 

0-162 ' 

0-164 

0-167 

0-170 

2 So 

0.403 

0-410 

0.417 

0-424 

750 

0*131 , 

0*154 

0-156 

0-159 

2S5 

0-396 

0-403 

0-410 

0.417 

j Soo 

0-14 1 ' 

0-144 

0-146 

0-149 

290 

0-389 

1 o.3()6 

j 0-403 

0-410 

|; 830 

. 0-133 ! 

0-135 

0-138 

1 0.140 

300 

0 37 ^^ 

0.383 

' 0-390 

0.396 

J 900 

0-126 1 

! 0-128 

0- 1 30 

; 0-132 

310 

0.364 

: 0.371 

; 0-377 

i 0.383 

; 950 

0-119 ! 

0 -I 2 I 

0-123 

: 0-125 

320 

0-353 

0-359 

0-363 

1 0.371 

|i 1000 

O-II3 

1 

' 0-113 

1 

0-117 

i 0-119 


When only approximate results are required, the first equation, 
is sometimes sufficient, but for accuracy the second must 
always be employed. The error involved in using (i) is of 
course the greater the higher the value of h. It is, for instance, 
in the case when a = 5-5, O' 16 at 98 per cent, conversion, 
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0‘32 at 96, 0*47 at 95, 0*75 at 90, 107 at 85, 1-33 at 80, and 
correspondingly more for lower conversions. 

The calculation of c from equation (2) is a troublesome 
affair when conversion tests are a matter of daily routine. 
Tables for the purpose have been constructed, but are necessarily 
extensive and cumbrous if they are to be of practical use, 
and are, in addition, difficult to interpolate from quickly unless 
more extensive than have yet been made. The construction 
of charts is the best solution of the problem, and examples 
of two are given. Fig. 41 is intended for ascertaining c directly 
from the results of the Reich test, but can also be used to 
ascertain it from a and by if these are known. It is only 
necessary to stretch a fine thread across the diagram between 
the points representing a and b on the vertical scales. The 
intersection of the thread with the middle scale then defines c. 
Fig. 42 is given in illustration of a chart specially made to 
give rfrom known values of a and b} It should be constructed 
for use on a much larger scale, and if only a certain range 
of a or by or both, is required, can easily be restricted to this 
range. The precision of these charts, for instance that shown 
in Fig. 41, can be made sufficient for all practical purposes, 
and for conversions above 90 is about o*i per cent. 

Suppose that in the Reich tests M and N c.c. of water have 
been run out at inlet and exit respectively. At 20'’, which 
we may take to be the average temperature of the tests, 10 c.c. 
of N/io iodine absorb ii*73 c.c. of SO.^, the pressure being 
760 mm. We have, therefore — 


11.7x100 ^ i.i 7x100 

M + 1 1.7 N 4- 1. 1 7 

and if these values of a and b are inserted in the conversion 
equation (2) and the result worked out, it appears that — 

looN - loM , . 

' - ( 3 > 


* Note on Construction of Fig, 42. — To construct a chart of this kind first 
of all set out (/>., 100 (« - b)\a)y and b on the parallel axes, to uniform scales. 
The axes may be any convenient distance apart. The support for a passes 
through the points {by o) and (q, 100), and the graduations on it are obtained 
by projecting those of q on to it with suitable points on the b axis {c.g. by 5) as 
radiant points. The support for c passes through the point (q, o) and would 
pass through the point {by 66.6) if produced, and is laid out accordingly. To 
graduate it, the graduations of are projected on to it with {by o) as radiant. 
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This is a much more convenient form than (2) because no term 
corresponding to ab is involved. As soon as the tests have 
been made the conversion may be obtained without reference 
to the dioxide content of either gas, either by calculation, or by 
reference to the alignment chart of Fig. 41. This chart is 
adapted to cover the greater part of the field which is needed 
in practice. It gives at a glance the percentage of dioxide in 
either gas, with a precision sufficient for many purposes; and 
on the application of a fine stretched thread or a transparent 
celluloid ruler, shows the percentage conversion on the central 
support.^ 

Method of Oxygen Estimation (2) — There are cases in which 
the method described is inapplicable, the principal being that 
of the Mannheim plant. In this plant the hot gas pas.ses 
immediately from the pyrites kilns to the ferric oxide contact 
shafts. It is subject to great fluctuations in composition and 
a true sample is difficult to obtain. The temperature is so 
high that the sample is apt to undergo conversion in being 
drawn out. Each unit of plant consists of four kilns and oxide 
shafts, so that the difficulty of obtaining representative samples 
of the burner-gas for a whole unit is practically insuperable. In 
these circumstances the conversion can be obtained by indirect 
means with a precision which exceeds that of the usual direct test. 

The gas sample is taken from the plant after the trioxidc 
has been absorbed at either the first or second stage, and is 
drawn into a dilute solution of .sodium hydroxide by means of 
an aspirator arranged to run for a number of hours. When the 
required volume of water has run out the sulphur dioxide 
absorbed in the solution is estimated, and also the oxygen in 
the residual gas in the aspirator. The usual defect of these 
continuous tests is that a considerable fraction of the sulphite 
is oxidised by the oxygen in the gas. It has been shown, 
however,^ that if 5 per cent, of glycerine is added to the .solution 

^ Note on Construction of Fig, 41. — M and N are set out to uniform scales 
on the parallel axes. The support for c passes, if produced, through the 
points (N, 0*5) and (M, 6). The graduations of c are obtained by projecting 
those of M on to the support, in the following way. Take, eg, (N, 1000-5) 
as radiant. Then the projection of (M, 105) gives (r, 99-0) ; (M, 205) gives 
{Cy 98*0) and so on. The gas-percentages may be added also by homo- 
graphic projection from a uniform scale. 

2 Haller,/. Soc, Chem, Ind.y 1919, 88, 52. 
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before beginning the test, the passage of the oxygen, even at 
fairly high temperatures, has little effect. The estimation of the 
sulphite is best made by titration with standard potassium 
iodate, in a solution containing hydrochloric acid. The 
percentage of oxygen is usually found by absorption in 
alkaline pyrogallol in an Orsat apparatus. 

Calculation of Results . — Suppose that a per cent, of sulphur 
dioxide and d per cent, of oxygen are found in the gas drawn 
from the plant, the fractional conversion being c. In the case 
of pyrites, to produce i vol. of dioxide by combustion, r vols. 
of oxygen will be required, r being greater than unity. 
Consider the a vols. of dioxide remaining. They are all 

which are left of — — vols., — having been converted and 
1 — 6 ' 1 — 6 ' 

removed. The oxygen necessary to produce this dioxide is 

and that necessary for conversion so that originally 

the ratio of oxygen to nitrogen in the air consumed, must 
have been, if we include the d vols. which still remain — 


. , ar-\-ac:2 

a + — 

\ - c 

\oo ~ a - d 


20.9 

79.1 


0.264. 


Solving this for c we find that the percentage conversion — 

a (/' + 0.5) 

c I 

26.42- 1.264a 4- 0.2 


The doubtful point lies in the choice of a value for r. 
According to the equation — 

4FcSo -f iiO, - 2Vc.p,, -f SSO., 

r should be V or 1*375. Pyrites, however, is not a pure 
mineral and undergoes more than one chemical change on 
burning. To some extent incompleteness of burning and 
formation of sulphates in the cinder compensate one another. 
We have no data for evaluating r at present. For fairly pure 
ores 1*375 is probably not far wrong. The equation given, 
with this value, becomes for the percentage conversion: — 

C _ _ 1.48a 

20.9 + o, i86a - d 


100 


X 
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This method of calculation ' was used at Queen’s Ferry and 
was found to give results which corresponded closely with the 
known production of the plant. Series of tests of the burner- 
gas which were specially made showed that the equation 
could be relied on. The figures the equation yields are more 
in accordance with facts than those obtained by any other 
method of estimation which can be carried out under technical 
conditions. 

The quantities a and d having been found, reference to the 
chart of Fig. 43 - gives the conversion at once. The chart 
may be used for either total conversion, or for conversion by 
the oxide shaft. The precision of the chart is probably rather 
higher than that of the method as a whole. 

* It was introduced by H. V. S. Knibbs. 

- Construction of the Chart (Fig-. 43). — Set off a and d to any convenient 
uniform scales. Take any convenient length along the a axis and divide 
into 100 parts, numbering from o to 100 downwards, to form an auxiliary 
scale. Join {a^ 0) and (^/, 20-9) to obtain the c support. Calculate a few 
values ofr, e.g,^ take d ^ lo-o, then for a ^ 2*29, c - 70 ; for 3*09, c - 60 ; 
for a = 3-92, c == 50, and so on. A few c values are thus located on the 
support. Now draw lines through these points (c) and the corresponding 
points on the auxiliary scale on the a axis. This gives a radiant point 
from which all the auxiliary values are projected on to the c support. 
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above to higher temperature would be valueless. See also ]‘j. ‘or Thomseti s value, etc. 

- Semmermeier, y. ,1 Chem. Soc.^ 1904, 20, 555* Berthelot, see also p. 31. 

4 Regnault. Bodenstein and Pohl. ® Holborn and Austin. 
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GAS-PURIFICATION 

Catalyst Poisons. 

The subject of catalyst poisoning has already been dealt with 
very briefly in connection with the theory and phenomena of 
catalysis, and it has been seen that we are as yet without any 
established explanation of the way in which these poisons act. 
The most detrimental and the most difficult to remove is 
arsenic. Its action is permanent. It is possible roughly to 
divide the known poison into two classes. In the first class 
of permanent poisons may be placed (i) arsenic, selenium, 
tellurium, and probably antimony ; in the second or transient 
class (2) chlorine, hydrochloric acid, and probably iodine and 
silicon fluoride. In addition, a third class of substances must 
be included which, although they have no specific action on 
the platinum, are capable of hindering its action by form- 
ing a mechanical coating, or conveying to it mechanically a 
true poisoning agent such as arsenic. In this class (3) are 
elementary sulphur, oxides of bismuth, lead, iron, zinc, and 
other metals, lead sulphate, and various other salts and oxides. 
Silicon fluoride, by virtue of its covering the catalyst with a 
film of silica, may also be included. Only in case of very 
inefficient purification could such substances as lead sulphate 
reach the converters. 

Arsenic . — It is a matter of fundamental importance to know 
how the arsenic from pyrites burner- gas is conveyed to the 
mass, and the methods by which this gas can be purified 
from it. Success is otherwise impossible. The claim to have 
discovered the great importance of the compounds of this 
element has been the subject of a polemical di.scussion which 
now has little interest. On the one hand it was contended that 
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Clemens Winkler was well aware of their injurious effect,^ 
while on the other the Badische Company claimed that 
Knietsch and his co-workers first realised the necessity of 
removing such impurities. However this may be, we possess 
in the lecture which was given by Knietsch the first account 
of investigations made along this line, which, although more 
than twenty years have elapsed since its utterance, still 
possesses a cogent interest. 

The first experiments were made in the laboratory with 
actual burner-gas which was taken in through a long lead pipe 
which acted as a dust-remover. The gas was washed with 
concentrated sulphuric acid and passed over the contact- 
mass. The results were almost as complete as those obtained 
with artificial mixtures of gases, and no falling off in the 
quantitative action was observed, although the experiments 
with the same contact-mass lasted several days. 

This seemed to justify the hope that sulphuric acid might 
be made almost quantitatively in this way from burner-gas, 
and the experiments were repeated on the large scale ; but it 
was soon found that the action of the contact-substance did 
not hold out during prolonged use, and ultimately failed 
entirely. This result was not improved by cooling the gas 
in long flues and repeatedly washing it with sulphuric acid, 
nor by filtering it through dry coke and asbestos filters so that 
it might be regarded as pure as could then be technically 
attained. The large scale experiments had therefore to be 
regarded as failures. 

Confidence in success was disturbed by these unexpected 
results, but further laboratory experiments were made to find 
the reason of this slow and apparently inevitable loss of 
activity. The surprising discovery was then made that some 
substances interfere with the catalytic action even when present 
in minute quantities. Arsenious oxide takes the first place 
in this class and other oxides which at first were thought to 
be specifically harmful, for instance those of mercury and 
phosphorus, were later found to act as arsenic carriers. The 
injurious effect of arsenic was found to be so great that i to 
2 per cent in the contact-mass deprived it of activity entirely. 

^ Z, angeuK Chcm.y 1905, 1655 and 1902. 

Ber.y 1901, 84 , 4069. 
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The question now arose — were these contact poisons 
actually present in the burner-gas after the performance of 
all the purifying operations described? It was found in 
answer that the white mist of sulphuric acid which had not 
been completely precipitated did, in fact, contain arsenic. A 
reason, for failure was therefore defined but no means to 
success were immediately to hand, for the technical science of 
the time had found no way of completely precipitating these 
mists, or of causing them to settle. 

The task was accordingly taken in hand once more, this 
time with the object of removing impurities coviplctcly. The 
rocks on which the earlier workers had been wrecked were now 
accurately charted and the course lay clear. hLxi)eriment after 
experiment was made, expensive in time, money, labour, and 
patience. Each mistake was followed by a lasting diminution 
of the yield of the whole plant, but at last this most difficult 
problem was solved. The final result was that the burner- 
gas could be freed from all impurities if, after suitable 
treatment and cooling, it was subjected to continued 
systematic washing with water or sulphuric acid, carried out 
until optical and chemical examinations gave satisfactory 
results. The intimate contact of the gas with the purifying 
liquids could be secured by vigorous washing, or wet filtration, 
or a combination of both. 

It was found to be advisable to cool the gas slowly, for the 
mist was much more readily precipitated under these conditions 
than when rapidly cooled. For this cooling, long iron conduits 
were employed, and it was at first thought that iron could 
have no injurious effect for sulphuric acid of more than 90 
per cent., such as is formed when pyrites is burnt, was not 
expected to have any action on iron, or at most to liberate 
some sulphur dioxide. But although the burner-gas was 
completely free from impurities which the optical test could 
detect, and for greater security had been further purified by 
filtering through wet filters constructed like ordinary filter 
presses, the result was again a very slow but certain decrease 
of catalytic activity, extending over months. A long series 
of investigations was made, and only after the presence of 
arsenic, indiscoverable in the gas, had been proved in the 
deteriorated platinum contact-mass, did the assumption gain 
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ground that the disturbance arose from the action of the acid 
condensate in the cooling pipes, resulting in the generation of 
a gas containing arsenic, probably arseniuretted hydrogen. 
Precautions were then taken to prevent the condensed acid 
from coming into contact with iron, and from that time the 
contacts continued to function without loss of activity. 

On carrying out the process on a still larger scale, another 
cause of disturbance appeared. When the pyrites-burners 
were worked to their fullest extent, mist appeared which was 
precipitated only with the greatest difficulty and was found 
to consist of minute particles of unburnt sulphur. This sulphur 
contained arsenic which, on account of the more intractable 
nature of the sulphur mist, was apt to reach the contact-mass 
unaffected. The only remedy was to provide for such an 
intimate mixing of the burner-gas that the combustion of 
the last traces of sulphur was assured. To this end a blast 
of steam was introduced. This was effective, had other advan- 
tages also, and became a distinguishing feature of the Badischc 
system of gas purification. 

It would be an error to suppose that plant experiments 
of this nature were confined to the works of the Badischc 
Company, for it appears that at the time investigations were 
proceeding in most of the large German works, and elsewhere. 
The delivery of Knictsch’s lecture in 1901 gave a deserved 
prominence to the Badischc results. 

Co))ipounds of Arsoiic . — Of the several ways by which 
arsenical compounds may be supposed to reach the contact 
and poison it, the first mentioned — transport in the sulphuric 
acid mist — is the most important. Purification of the burner- 
gas from arsenic means elimination of the mist. The second 
method of transference — as arsenious hydride — is by no means 
so clearly established. So far as can be ascertained it has 
never been shown, by experiments made to test this point 
solely, that arsenious hydride is generated from concentrated 
sulphuric acid, arsenical Hue-dust and iron, and in regard to 
its action on platinum contact-mass we have no specific data. 
Ikit it is nevertheless considered bad practice to have any iron 
or steel in the plant in such a situation and at such a 
temperature that acid may condense on it from gas which 
has not been completely purified. Iron pipes have often to 
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be used for conveying the burner-gas from the dust chambers 
to the gas-coolers but these are often lined with firebrick, 
and the metal here, as well as in the fittings of the furnace 
and dust chambers, is at so high a temperature that no 
arsenious hydride can exist even if it were formed. 

It is not likely that the hydride is the actual poisoning 
agent, for in presence of the great excess of oxygen arsenious 
oxide is probably formed on approaching the contact-mass. 
There is no definite information on the point so far as small 
concentrations of hydride are concerned. Neither is it quite 
certain what action, if any, concentrated sulphuric acid has on 
traces of the hydride. It is stated that concentrated acid at 
i6o° to 180° causes partial decomposition/ but on the other 
hand that hydrogen containing small amounts of the hydride 
can be dried over the acid without change.- It may be added 
that water, or dilute sodium or potassium hydroxide has no 
marked power of absorbing the pure gas. 

There is also a third possibility. The vapour of arsenious 
oxide may pass through, although all the solid oxide and all 
mist have been eliminated. The vapour pressure of this 
substance is extremely low, and is hardly measurable with pre- 
cision by the ordinary methods at atmospheric tcmperature.s.-* 
Some determinations made by passing air over the pure sub- 
stance and estimating the amount carried away gave the 
following approximate values : — 

Temperature. 60', 83^ 103", 124'’, 142", 150'’ 

^fm^rcury*}" ^ ^ 2-5 x 10-"', 4-6 x lo-^, 2-2 x 10-^, 1-4 x 10- 26 x iO“2 

By a similar method the vapour pressure of arsenious oxide 
dissolved in concentrated sulphuric acid to the extent of 0-015 
per cent, was found to be about 4 X lO'"^ mm. at 60°.^ 
Supposing that acid of the same composition is being used in 
a scrubber or drying-tower, at the same temperature, it can 
be calculated that the weight of arsenic removed as vapour 
will be about lO"® gm. in every cubic metre of gas. It seems 
extremely improbable that an impurity in such a minute 
concentration could have any effect. 

‘ Forbes, Chem, News, 64 , 235. 

Gmelin Kraut, 8 [ii], 1908, 435. 

3 It amounts to 13-14 mm. at 56V'. Gmelin Kraut, 8[ii], 1908, 442. 

^ Smellie,/. Soc, Chem, Ind, {J'rans^ 192 3> 42 , 467. 
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Some data for the solubility of arsenious oxide in sulphuric 
acid have been given by Braidy.^ They have a certain bearing 
on the possible removal of arsenic by washing the gas with 
acid, and are given, in part, below — 

Gms. AS0O3 in 100 C i-8 i-o 0-5 0-3 0-3 o-2 0-2 ro7 0-5 0-4 0-3 
gms. acid . . j 

at 17^ 1 5 oi 

Sp. gr. of acid . 1 , i-o i*2o 1-36 1-5 1-6 172 1*82 u *45 i'6 172 1-82 

Special Methods of Arsenic Removal, — The best known 
proposal to provide special means of removing arsenic from 
the burner-gases is that embodied in the Mannheim process- 
passage through hot ferric oxide. There is no doubt that 
under favourable circumstances, with not too much arsenic 
in the ore, the greater part of it can be eliminated in this 
way, but the efficiency of the process is too low for any 
reliance whatever to be placed on it. If the ore is fairly 
arsenical the oxide shafts may retain from 90 to 95 per cent. ; 
if it has a small arsenical content (01 per cent, or less) only 
60 per cent, may be retained. In either case more passes than 
the somewhat elementary purification system of the usual 
Mannheim plant is able to deal with, and this is sufficient to 
poi.son the contacts. Anhydrous aluminium sulphate, obtained 
by heating the hydrated salt, is also said to retain most of this 
impurity (Projahn, Gcr. P. 221847). Quicklime mixed with 
asbestos is often used in Mannheim filters and is said to be 
effective for some time. Slaked lime, calcium carbonate, or 
dolomite arc mentioned also in a patent claiming their use 
(Du Pont, U.S. P. 989801). A more recent proposal of the 
Grasselli Company (U.S. P. 1 103522) was that of improving 
the Mannheim process by introducing, after the usual filters, 
another filter packed with hydrated ferric (or copper) oxide, 
which is said to have the power of absorbing arsenious 
hydride. But it is fairly certain that no specific reagent, 
apart from a thorough purification from dust and mist, is of 
any use. 

Removal of Arsenic from the Contact-Mass in situ, — The 
access of compounds of this element to the platinum results 
in a loss of activity which increases in proportion to the 
amount of arsenic present. To compensate for this to some 
* Rind, Chim,y 1922, 9 , 45. 
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extent, the temperature of the mass can be raised ; but this 
adjustment is of course limited in extent by the inevitable 
change in the equilibrium conditions, which results in diminished 
yield. In Mannheim plants where the poisoning of the mats 
is often constantly proceeding, the temperature of the contact 
chest has to be the higher the older the mats, and may rise 
in this way from 475" to 550°. In many Grillo plants burning 
pyrites this increase is also resorted to, so that of a number 
of plants there may hardly be two which are converting at 
the same temperature. These remarks do not, of course, 
apply to the same extent to plants with efficient systems 
for purification, where the mass may remain in constant use 
for many years without removal. Once thoroughly poisoned, 
asbestos contact-mass can be utilised only for the recovery 
of the platinum. This applies also to Grillo mass, when the 
deterioration is sufficiently advanced. 

There are, however, certain methods which have been 
proposed for treating the contaminated mass in the converter, 
and removing the arsenic without destruction of the material. 
A patent of the Hdchst works (Ger. P. 135887 of 1902) claims 
that platinum mass poisoned by arsenic can be regenerated by 
mixing steam with the hot gas entering the apparatus. The 
admixture of steam is continued until no more arsenic can 
be detected in the condensate from the converter. Another 
patent taken out by the Badischc (Gcr. P. 148196) states that 
the same result is reached by merely using dry sulphur dioxide, 
either alone or mixed with gas containing little or no oxygen, 
at the temperature of conversion. The application of these two 
patents, if it is considerable at all, must be very limited. Grillo 
and Schroder (Ger. P. 1 15333) describe the removal of arsenic, 
antimony, or mercury from the contact-mass by the action of 
chlorine at the ordinary temperature of the contact space. 
Any oxides of these metals may be reduced to the metallic 
state by means of coal-gas. This method has occasionally 
been tried on various types of plant, chlorine being passed into 
the contact space and allowed to remain there for some time 
It should be noted that under these conditions platinum, like 
gold, may be lost by volatilisation as chloride.^ Hydrochloric 
acid mixed with sulphur dioxide has also been used, and is said 
* Reese, y. Soc. Chem. Ind,^ 1903, 22, 351. 
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to be more efficient for the purpose.^ In laboratory experi- 
ments made partly to test the efficacy of this gas and chlorine, 
it was found that magnesium sulphate mass which was giving 
good conversion, was made completely inactive by allowing 
arsenious oxide to sublime on to it in the gas stream, from the 
front end of the reaction tube. Hydrochloric acid was then 
passed for fifty minutes, the temperature being maintained, 
and then air for fifteen minutes. Conversion after this treat- 
ment was 96*5 per cent. Chlorine was not so efficient, and 
platinum was found in the further end of the reaction tube. 

In a more recent patent specification of Briggs and the 
General Chemical Company (U.S. P., 1429222, of 1920), instruc- 
tions arc given for revivifying asbe.stos contact-mass by washing 
out tlie whole converter with water. The contact chamber is 
cooled to about 30 C., and water at the ordinary temperature 
is run in at the bottom fast enough to dissolve soluble material 
without permanently displacing the mass. With a converter of 
the Ilerreshoff type, such as that described in U.S. P. 719333, 
but 7 feet in diameter, with 50 plates an inch apart, and mass 
occupying from a half to three-quarters of the space between 
the plates, the water may rise in the vessel 10 inches in an 
hour. The converter having been filled, the inflow at the 
bottom is closed, warm water at 25-30 is run in at the top 
and allowed to flow out at the bottom. When the runnings 
show no matter in solution the converter is emptied at the 
same rate as it was filled, and hot air is then passed in at 
the top less rapidly than the gas is normally supplied. The 
temperature of the entering air is raised until that of the 
contact-vessel is 450 , and the apparatus is then ready 
for use. 

Sclcttiiiffi Tclluriinn. — These elements are present in some 
kinds of pyrites, and arc particular!}' prevalent in Japanese 
sulphur, often together with arsenic. Selenium is a powerful 
contact poison, and appears to be conveyed to the catalyst as 
selenium dioxide by the sulphuric acid mist. Means of 
purification which are efficient for removal of arsenic appear 
to be sufficient for removal of selenium. Appropriate methods 
have been worked out for the detection and estimation of small 
amounts of selenium in either pyrites or sulphur." Tellurium 
‘ Reese, loc. cit, ^ Klason, Z, angew. Chettu^ 1912, 26 , 514. 
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is also an active poison, but little concerning its action is 
on record. 

Hydrochloric Acid , — It is probable that any chlorine 
originally present in the pyrites or sulphur is evolved from 
the burners in the form of hydrochloric acid. The poisoning 
effect is temporary, and on passage of air or of pure burner- 
gas, the activity is fully restored. In some laboratory experi- 
ments^ the introduction of a small proportion of hydrochloric 
acid caused a normal conversion to fall at once to 92 per cent. 
After passing air for thirty minutes and then burner-gas 
once more, conversion rose to 94 per cent., even while the 
exit-gas contained traces of hydrochloric acid. If sufficient 
chlorine is present in the gas entering the converter, 
conversion will fall in a very short time — under these con- 
ditions a test made by bubbling the inlet gas through acidified 
silver nitrate solution may show a heavy precipitate in a few 
minutes — and to recover conversion while the impurity is still 
coming through is not usually possible. Smaller quantities, 
however, produce a more moderate diminution in activity, 
which can, partially at least, be compensated for by raising 
the temperature of the mass. But if the regenerative system 
is complete, and the plant is run with the superheater cut out, 
the temperatures in the converter are likely to fall irrecoverably 
before the inlet temperature can be sufficiently raised. Nothing 
then remains but to remove the poison from the mass by 
passing air through it at 400° to 500°, and to begin again with 
gas free from the poison. 

The efficiency of the purification system in regard to 
hydrochloric acid depends on the solubility of this gas in 
the purifying agents. If these agents consist of sulphuric 
acid, it is essential that in one instance at least this acid shall 
be sufficiently weak to absorb the gas. The solubilities of 
hydrochloric acid in sulphuric acid of several concentrations 
are given below for ordinary room temperature.^ The 

Per cent. H.^S04 in acid . 20 40 50 70 80 90 

Grams HCl dissolved 

by 100 C.C, acid . , 50 27 7 17 0 5 0-2 


' Reese, loc, cit 

Gretna Factory, E. Taberner, R. Hay, and A. J. Vale. 
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solubility is roughly in linear relation to the acid strength 
until 6o per cent. H2SO4 is reached. It then falls very rapidly. 

Considerable trouble was experienced from the presence 
of hydrochloric acid in the burner-gases in H.M. Grille plants 
during the War — partly on account of the contamination of 
sulphur by sea-water — and it was found necessary to maintain 
the washing acid in one of the scrubbers at about 50 per cent. 
In extreme cases even this was not sufficient, and water was 



Fig. 44. — Graph showing effect of Chlorine Poisoning on Grillo 
C on ver s i on- Tern pe ra 1 11 r e s . 


sprayed into the burner-gas entering the gas-cooler. This 
worked well, but involved a certain loss due to the removal 
of sulphuric and sulphurous acid in a very dilute form. The 
effect of the access of hydrochloric acid on the normal working 
of a Grillo converter in an extreme case is shown in Fig. 44. 
I denotes the temperature of the inlet gas. This remains 
constant throughout until increased by throwing in the pre- 
heater. L denotes the temperature of the gas entering the 
first layer, after passing through the regenerating converter 
jacket, and the temperature leaving the first layer, which as 
in the usual working of the plant, was at that time performing 
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most of the work of conversion. At about 3 P.M. begins 
to fall rapidly, and at 6.40 P.M. no conversion is taking place 
at all. Meanwhile the scrubbing acid has been reduced in 
strength and the preheater thrown in and fired. The result 
is shown in the rising temperatures. At 9 P.M. conversion 
had partially recovered, to 90-7 per cent. (Gretna, 17th July 
1919). 

Washing with sulphuric acid of 50 per cent. H^SO^ is not 
a very efficient means of purification, as the very small con- 
centration of hydrochloric acid corresponding to the partial 
pressure of this gas in the gas-mixture is soon reached, 
and then the washing acid must be renewed. Washing with 
water, or with the dilute alkaline solution employed in the 
Tentelew method of purification is much more efficient, and 
this is one of the reasons why that method has been adopted 
on some plants which, apart from purification of the gases, 
have not very much in common with the Tentelew design. 

Sur.piiURic Acid Mist. 

The formation of ‘‘chemicar* mists is an interesting 
subject, and the astonishing permanence they may show has 
never been satisfactorily explained. In each of the cases 
which have been investigated the mist has been found to be 
formed by a reaction between two or more substances in the 
state of vapour. Ammonium chloride and phosphoric acid 
are familiar instances ; others are found in the fogs (probably 
of iodic acid) caused by the passage of ozone through the 
aqueous solution of a reducing agent which is acid or neutral. 
Sulphuric acid is technically the most important instance. 
Air containing any one of these four mists can be passed 
several times through water without complete purification 
resulting. Ammonium chloride is distinguished from the 
others by being anhydrous in the state of fume, and this fact, 
as will be seen shortly, has a bearing on the case of sulphuric 
acid also. 

In the Contact Process the burner-gas always issues from 
the burners at so high a temperature that little or no sulphuric 
acid (H2SO4) can be present in it, for vapour density measure- 
ments show that at 440*" this compound is dissociated almost 



SULPHURIC ACID MIST— FORMATION 


207 


entirely into sulphur trioxide and water. Below the temperature 
our knowledge of the system sulphur trioxide-water is very 
scanty and uncertain, and we are unable to say whether the 
principal phenomena which occurs as the gas-mixture cools 
is the combination of the two vapours to form liquid sulphuric 
acid, or the formation of sulphuric acid vapour and its subse- 
quent condensation. It is doubtful, indeed, whether sulphuric 
acid at temperatures above 200° can exert any considerable 
vapour pressure other than that of the resultants of its 
dissociation. The measurements of Burt^ showed that up to 
200° the observed tensions were due in all probability to water 
only. More recently, on the other hand, Thomas and Ramsay " 
have reported that sulphuric acid exerts a partial pressure of 
H2SO4 which even at 140° is 0-23 min. (for 97 6 per cent. acid). 
At 200° it is 2*7 mm. and at 261'', 22-4 mm. These results 
will be of great value if the confirmation is forthcoming which 
the great difficulty of the determinations demands. 

In regard to the physical basis of the mist formation we 
are almost as much in the dark. Condensation may occur on 
solid particles of dust, or on gas molecules which have been 
ionised by passage through the furnaces. Knietsch’s statement 
that slow cooling is advisable, runs parallel with the assumption 
that the more quickly the gas is cooled the smaller will the 
particles tend to be. As the temperature falls to that of 
the purification process, the acid in the globules tends to 
become diluted by taking up water from the surrounding gas. 

It is the salient fact in connection with sulphuric acid mist 
that this dilution does not occur nearly as rapidly as might 
be expected. Matter in fine division has unusual (colloidal) 
properties and, as Lord Kelvin showed, the vapour tension 
of a small spherical liquid drop is greater than that of the 
normal liquid, in inverse proportion to its radius. If, then, 
the droplets of acid (which we may suppose slightly diluted 
during the cooling) are very small, their increase of vapour 
tension due to curvature may be so great that this tension 
is equal, or nearly equal, to that of the water or weaker acid 
with which they are being washed or scrubbed. In these 
circumstances the washing process will necessarily be slow, 
^ /. Chem, Soc. Trans,^ 1904 , 86 , 1339 . 

/. Chem, Soc, Trans,^ 1923 , 128 , 3256 . 
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and will depend greatly on the vigour of the mechanical 
agitation of gas and liquid. 

This view of the matter (first taken, in a general way, by 
Townsend)^ is in fair accordance with the facts, and receives 
support from some experiments made by Rothmund on the 
fogs developed during the reduction of ozone/^ The diameter 
of these particles was evaluated in two ways. The first 
consisted in observing their rate of fall, and deducing the 
diameter from this rate and other data, by Stokeses law. The 
second involved the assumption that the particles were really 
in equilibrium as regards water vapour with the surrounding 
gas. Both methods gave results of the same order, the mean 
of which was about l oxio""^ cm. Similar values, ranging 
from I X 10"^ to i x lO'^ cm., were obtained by Delasalle for 
sulphuric acid mist from concentrators.^ 

Sulphuric acid and ammonium chloride mists have been 
investigated by Remy^ with most suggestive results. Air 
containing the mists was passed through the absorption 
wash-bottles and into a cylinder at the bottom of which lay 
“ conductivity ” water. After allowing the particles to settle 
in the cylinder, the amount of substance unabsorbed was 
obtained by a conductivity measurement. It was found that 
in every case the absorption of ammonium chloride in the 
wash-bottles was more rapid in water than in a nearly 
saturated solution of that salt. If now the chloride fume 
was replaced by that obtained by blowing damp air over 
oleum an apparent contradiction appeared, for the absorption 
in water was visibly incomplete, whereas the gas passing 
away from the washing with 98 per cent, acid was seen to 
be quite clear. The conductivity measurements, however, 
showed that the absorption in water was really the greater. 
The 98 per cent, acid was the worse absorbent, but rendered 
the mist invisible, and on passing the gas into water once 
more, the fog reappeared. It is clear that such facts are of 
great interest in regard to the scrubbing of burner-gas with 
sulphuric acid. The statements sometimes made that 98 per 
cent, acid is effective for mist removal seem to rest, at least 
in part, on a confusion between sulphuric acid mist and 

' Proc, Camb. Phil, Soc., 1900, 10, 52. 2 2 !eil. Elektrochem.^ 1917, 28 , 170. 

3 Chhn, et Ind,^ 1920, 4 , 291. ^ Zeit, Elektrochem.^ 1922, 28 , 467. 
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sulphur trioxide. To absorb the vapour of the latter substance, 
98 per cent, acid is of course, essential and it is interesting to 
note in passing that Remy found concentrated ammonium 
chloride solution was more effective than water in the absorption 
of the fume made by subliming the carefully dried salt. 

The stability of sulphuric acid mist has often been a subject 
of comment. It is probable that in addition to the effect of 
the curvature of the droplets on their surface tension, the 
presence of electric charges may exert an effect, in a direction 
opposite to the first, and comparable with it in the case of 
very small droplets.^ An attempt has been made by Bancroft 
and others to explain the permanence of the mist by the 
assumption of a film of adsorbed air on the surface of the 
particles.^ It is supposed that many other phenomena can 
be explained in the same way ; the rebounding of two water 
drops from each other and the fluidity of certain powders such 
as zinc oxide are instances. The air-film theory seems to rest 
on little positive evidence and so far as its application to solids 
is concerned, has received severe criticism.*^ 

The amount of the sulphuric acid which has to be removed 
from the burner-gases depends entirely on the rate of forma- 
tion of trioxide in the burners. Even when pure sulphur is 
burned in air, from 2 to 3 per cent, of trioxide is formed and this 
figure, if the sulphur is of poor quality and produces much dust, 
or if the brickwork of the furnaces is high in iron, may be 
raised to 5 per cent. The conversion in pyrites burners is in 
general higher, and is often found to be between $ and 7 per 
cent., and in special cases even more. For further information 
the volume of this work dealing with the Chamber Process 
may be consulted. 

If we pass to the sulphuric acid which is formed when the 
mist is precipitated, we find that the composition of this acid, 
the temperature, and the amount of aqueous vapour in the gas 
from which the acid has been precipitated are closely connected 
in a way which, roughly at least, can be calculated. The 
higher the temperature of precipitation from a gas mixture of 

^ For mists in general, see Clouds and Smokes^ Gibbs, 1924. 

^ Applied Colloid Chemistry^ Bancroft, 1920, 21. 

^ Edser, Report on Industrial Colloid Chemistry^ Dept of Scient. 
and Ind. Research^ 1922, 271. 

Y 
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given composition, the higher is the concentration of the acid 
formed. In a plant burning sulphur, 5*1 per cent, of which 
was converted to trioxide in the burners (an unusually large 
amount), the burner-gases entered the lead-pipe gas-coolers at 
285°. The strengths of the acid condensed in the several pipes 
as the temperature of the gas fell was: No. i, 92-1; 2, 798; 
3, 747 ; 4, 72 0 ; 5,717; 7 , 70-8 ; 9, 65-2 per cent. In the case 
of a large filter or scrubber, in which the gas mixture is 
exposed to intimate contact with the deposited acid, the 
amount of aqueous vapour in the gas leaving the apparatus (as 
distinct from water in the sulphuric acid mist still remaining) 
will not be very different from that calculated from the 
vapour pressure of the acid with which the apparatus is 
filled. In the case of a large gas-filter, the effluent had been 
fairly constant in composition for many days (58 per cent. 
H2SO4). The average internal temperature was 13". In 
Sorel’s tables of vapour pressure 2*3 mm. is given for 58 per 
cent, acid at 13°. If the water vapour (iv) is measured in 
milligrams per 100 litres, and the vapour pressure of the 
liquid (v) in mm. of mercury, the relation enables w to be 
calculated as : — 

289007; 

7a = - — ^ 

/ + 273 

In the present instance it is about 230. A series of direct 
tests made on several consecutive days, by a method outlined 
below, gave 310 mgm. of water and 70 mgm. H^SO^ as the 
two constituents of the mist and water vapour. The second 
figure for the water is naturally the higher, on account of 
some water being associated with H2SO4 in the liquid 
condition. It is only under very constant conditions, however, 
that such calculation is of real value for the working of any 
part of a plant. 

The strength of the acid deposited in the filters and in 
other parts of the plant, is dependent on the relative amounts 
of water and sulphuric acid which issue from the burners. 
Three factors influence it: (i) The burner conversion ; (2) the 
humidity of the atmosphere ; (3) the moisture in the ore or 
sulphur. In many cases the burner conversion under ordinary 
conditions is known, or can be estimated by determining the 
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strengths and amounts of the acid removed in purification. 
The atmospheric humidity can be found from readings of the 
wet and dry bulb hygrometer, and the usual tables. But for 
calculations of any precision this method should be avoided, 
for so much depends on the precise nature of the conditions 
under which the wet bulb is exposed, and much more reliable 
results are obtained by the positive method of aspirating the 
air through tubes containing sulphuric acid and phosphorus 
pentoxide, and weighing the tubes. 

Suppose that the pyrites-burner conversion is 7 per cent, and 
a 7 per cent, gas mixture results (as estimated by the usual test 
in the cold). In 100 litres of gas there are 7x7/93x80/22*4 
gm. of trioxide in the liquid condition, or i*88 gm. The air 
necessary to produce this lOO litres of gas, if we make the same 
assumption as on p. 193, and neglect the formation of the small 
amount of trioxide, is 100 + (7 X §), or about 103 litres. If, as 
may happen often in summer, 100 litres of air contain i*oo gm. 
of water (corresponding to saturation at the HgO present 

= 1*03 gm., and, as has already been seen, the ratio of SO3 to 
HgO must be at least a little higher in the acid which is 
deposited than in the aggregate of SO3 and ILO in the 
burner-gas, on account of some of the water being present as 
vapour. The deposited acid must, therefore, contain rather 
more than i*88 x 100/(1*03 + i*88) per cent. SO3, or 79 per 
cent. H.>S04. But under winter conditions the humidity will 
not be so high. Suppose it to fall to o*6 gm. per 100 litres 
(saturation at 0*3°). The water drawn in is then approximately 
half the former amount, and the deposited acid must contain 
rather more than i*88 x 100/(0-624- 1*88) per cent. SO3, or 
92 per cent. H2SO4. 

Tests for Gas Purification , — If the purification is incomplete 
more or less sulphuric acid will condense in the blower and the 
subsequent parts of the plant. One very general method of 
controlling readily the completeness of purification is to use 
the optical test. The purified gas is caused to pass through a 
pipe 10 or 15 yards in length, the ends of which are fitted with 
glass windows. The purity can be estimated by the clearness 
with which an object with a sharp edge can be viewed through 
both windows, a lamp being used at night to illuminate the 
edge. In some cases observation windows are fitted to the 
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upper parts of the gas-filters of plants. These permit of the 
observation of the gas as it actually emerges from the filtering 
material, and if a powerful lamp with a lens is used, a beam 
may be thrown into the gas space, and the Tyndall effect 
observed. Such fixed windows are apt in time to become 
clouded with deposited acid and other dirt, and cannot, 
like the observation tube, be cleaned while the plant is 
in action. 


Tests are frequently made of the total moisture,’' that is, 
of sulphuric acid mist together with aqueous vapour (and other 

possible impurities) in the purified 



Fig. 45- 


gases, by aspirating samples 
through tubes packed with phos- 
phorus pentoxide and asbestos 
or glass wool. The double stop- 
pered tube shown in Fig. 45 (a) 
is useful for this purpose and is 
very readily filled and cleaned 
out. A modification sometimes 
made is to pack the first tube 
with cotton-wool to absorb the 
acid mist more completely, and 
the second with phosphorus pen- 
toxide. As large a volume of gas 
as practicable must be aspirated, 
for the quantity to be weighed 
may be only a few milligrams 
per 100 litres. 

It is often desirable to estimate 


the total moisture in the gases at various of the earlier stages 
of the purification. If the total moisture is not very high, 
say less than 300 mgm. per 100 litres, this is not beyond the 
scope of the method just given, or of a slight extension of 
it ; but when greater amounts of moisture and a correspond- 
ingly greater amount of acid mist is present, difficulty in 
withdrawing a sample is encountered and the results are 


apt to be irregular and unreliable. Consistent results can 
sometimes be obtained by placing the drawn-out end of the 


inlet tube just inside a short branch-pipe (about i in. long) 
sealed into the main pipe from which the sample is with- 
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drawn. It is also sometimes useful to be able to discriminate 
between the water and the sulphuric acid which make up the 
total moisture and, subject to the limitations regarding sampling, 
the piece of apparatus illustrated above (Fig. 45 (^)) has been 
found well adapted for the purpose. A small Gooch crucible 
filter-plate is placed in the tube before the end is drawn out. 
On this is built, before a test, a plug of moist filter paper, 
made by shaking up the paper with water in a flask and 
pouring the pulp into the tube, suction being applied by a filter- 
pump. The pad is partially dried by aspirating air through it, 
and is then connected to a tube like that of Fig. 45, packed 
with anhydrous calcium chloride and to a third similar tube 
containing phosphorus pentoxide. After the test has run, 
the gas in the tubes is replaced by dried air which is slowly 
aspirated through. The gain in weight gives the total 
moisture. The sulphuric acid is caught in the paper pad 
to the extent of 94 or 95 per cent, and can be estimated 
by pouring warm water through the tube and titrating the 
solution so obtained, careful attention being given to the inlet 
tube. The thickness of the pad should be about in. If 
the acid mist consists of concentrated acid, the paper may 
readily char, and in that case can be replaced by a pad of 
asbestos of the kind used in Gooch crucibles, about in. thick. 
If representative gas samples can be taken, the method gives 
useful comparative results, when the amount of mist or moisture 
is not too low. 

Methods of Gas Purification. 

The operations of gas purification, although differing 
greatly from one process to another, must all have the same 
ends in view — the removal of solids, liquid and gaseous 
substances from the mixture of sulphur dioxide, oxygen, and 
nitrogen. First of all the furnace dust has to be precipitated 
as far as possible, and then by filtering or scrubbing the mist 
and other impurities must be dealt with. Finally, the gases 
must be dried, for although water vapour in small amount 
shows little specific action on the catalytic reaction for some 
time, its presence would cause sulphuric acid to be present 
in ail the plant subsequent to the converter — which alone 
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would be very undesirable. The means of gas purification 
may therefore be divided into five branches : — 

(1) Dust-removal. 

(2) Cooling. 

(3) Filtering. 

(4) Scrubbing. 

(5) Drying, and also (6) Special means of purification. 

Each of these will be discussed in turn. In the latter part 
of this volume will be found descriptions of the construction 
and working of several types of complete plant, which have 
been found effective in practice. From time to time reference 
to this part will be indicated. 

Dust Removal. 

The raw materials used for the manufacture of oleum are 
(with unimportant exceptions) pyrites and sulphur. In burn- 
ing pyrites a considerable amount of solid dust is carried away 
from the burners, especially when these are of the mechanical 
type and this, reaching the cooler parts of the plant, forms with 
the condensed acid a thick sludge which impedes the working 
of the plant. Sulphur naturally gives far less dust, but means 
are nevertheless provided for catching what is formed. 

The removal of dust from the gases of the burners of 
contact plants does not differ in any essential respect from 
the same operation in the case of a chamber plant, and for 
more detailed information reference may be made to the 
appropriate volume of this work. Dust chambers are always 
placed after or on top of the burners, and generally consist of 
brick chambers, lined with firebrick, of as large area and volume 
as possible. Iron baffle-walls are sometimes built in the 
chambers at right angles to the direction taken by the gas 
stream, in order that the dust which falls to the floor may not 
be swept forward in the current. The Howard dust-settler 
is in use on many plants, and was observed to be part of the 
Hochst installation, with twelve Wedge furnaces, each taking 
about 21 tons of ore a day, about 1919. It is frequently fitted 
to Tentelew plants. 

In contact plants the construction of the dust-chamber will 
be conditioned to some extent by the desirability of utilising 
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waste heat from the burner-gases. If the cold gas is to be 
preheated by means of the burner-gas, the dust chamber and 
preheater may be combined. If the heat is not to be utilised, 
the dust-chamber may be constructed in iron or steel. What- 
ever the construction, there is little chance of acid condensing 
on iron, for the prevailing temperature is usually well above 
the limit required. In general the gases should leave the dust- 
chamber at 275° or higher. In some plants this temperature is 
much exceeded. 

Electrical Precipitation of Dust . — In recent years the Cottrell 
process has been applied with great success to cleansing 
the gas from the pyrites-burners of oleum plants. It 
consists essentially in the precipitation of the particles on 
earthed positive electrodes, in the form of plates or tubes, by 
means of high-tension discharge from negative electrodes in 
the form of plates or rods. A voltage of 30,000 or more is 
required. This development has been worked out in Germany 
and in the United States. In the latter country isolated installa- 
tions were put in as far back as 1916. For some time past 
a precipitator has been in operation cleaning the gas from 
mechanical furnaces burning roughly 70 tons of pyrites each 
twenty-four hours, with an efficiency of 98 per cent. About 
6 tons of dust is recovered in a week, a large part of which 
would have gone forward, under ordinary conditions, to block 
up the coolers and washers. The temperature of the gas 
treated is 500” and the power consumption of the plant only 
3 kilowatts. The results of this installation were so convincing 
that the battery of Howard dust catchers was replaced by 
electrical precipitators.^ Work on these lines was put in 
hand in Germany as soon as the War broke out, and proved 
very successful. The dust-laden pyrites gas was found 
particularly well - conditioned for electrical treatment. The 
design is of the plate and wire type, free from unnecessary 
complications and reasonably inexpensive (Fig. 46). To 
guard against dust passing through and causing stoppages 
in case of failure of the current, a system of automatic 
control and alarm gear was used ; but such precautions were 
found in practice to be less important, as the operation pro- 
ceeded with hardly any interruption except for the removal 
^ Bush,/. Sac. Chem. Imi. {Trans.\ 1922, 41 , 22. 
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of the accumulated dust The controls were therefore 
simplified, and instead of having one compartment standing 
idle, twin compartments were used, of such a capacity that 
one could handle all the gas at a reduced efficiency, while 
the other was cut out for cleaning. More than twenty plants 
were installed during the War in connection with oleum 



manufacture at the works of the Griesheim - Elcktron, 
Bayer (Leverkusen), Nobel, Von Heyden, and at Uetikon 
in Switzerland.^ 

At the Bayer works, where soon after the War from 8o to 
lOO tons of sulphur trioxide were being made daily from pyrites 
containing 40 per cent, of sulphur and a certain amount of zinc, 
the fines from the crushers were burnt in mechanical roasters 
of the M^Dougall type containing five or six hearths, and in 
one Wedge roasting furnace of large capacity. The hot burner- 
gas was led into a brick dust collector where the heavier 
particles of dust could settle, and then passed, by means of an 
air-cooled stack, into a second dust-chamber where still further 
amounts were removed. Finally the very fine dust was removed 

* Bush, loc. cit. 



ELECTRICAL PRECIPITATION OF DUST 


217 


by passage through a brick chamber containing horizontal iron 
plates spaced less than an inch apart. The lump ore was 
burnt in lump burners of standard design, and the gas passed 
through a dust collector, cooling stack, a second dust chamber, 
and finally through an electrical precipitator consisting of iron 
grids and iron wires suspended in a brick flue and separated by 
porcelain insulators. A difference of 70,000 volts was said to 
be maintained. The arrangement for cleaning, consisting of 
the division of the separator into two units, has already been 
mentioned. The two chambers together disposed of about 
160,000 cb.m, of gas in twenty-four hours, corresponding 
roughly to a time of fifteen to twenty seconds in the flue, and 
a linear velocity of 25 to 30 ft. per minute. The efficiency of 
such plants built during the War was from 97 to 99- 5 per cent. 

A very interesting account of experimental work carried 
out by the Sennce des Poudrcs in France during the War, in 
connection with both pyrites-burners and Gaillard towers, has 
been given by Delasalle.^ The experimental dust precipitator 
connected to one of the pyrites-burners of an oleum plant is 
shown in Fig. 47. The positive (earthed) electrodes were twelve 
iron pipes 0-28 metre in diameter and 3 metres long. These 
pipes were suspended in two perforated iron plates, so that 
the gas from the furnace was compelled to pass upwards through 
them. The negative electrodes were of galvanised steel rod of 
10 to 20 mm. diameter, and were suspended from a horizontal 
metal bar which rested on the terminal insulators. The ends 
of this bar projected through two holes in the outside walls 
of the precipitator, and some trouble was encountered in the 
inrush of air through these holes. To minimise it the small 
sheds in which the terminals were housed was made, as far 
as possible, air-tight, but the tubes immediately beneath the 
holes always worked a little less efficiently than the others. 
To overcome this difficulty, it is suggested that the insulators 
should be above the precipitator, and that the electrode bar should 
enter at the top from an insulator which, while admitting no 
air, would be removed from the action of heat and fume. This 
would be secured by the method of mounting proposed. 

The burner was at first run with only half its normal charge, 
/>., with 6 tons of ore per day. In these circumstances, the 
* Chim» et Itui.y 1920, 4 . 291. 
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highest temperature that could be reached during a run was 
300° before the precipitator and 130'’ after. This was found to 
be too low, and to lead to the formation of a deposit on the 
electrodes which contained acid and was very difficult to 
detach. After increasing the charge from 6 to 10 tons, these 
temperatures rose to 340° and 260''. The efficiency of the 
apparatus was greatly increased by this change, and the deposit 



Fig. 47. — Experimental Electrostatic Dust-Separator. 


was non-adherent and readily fell to the bottom. From this 
point of view — ready clearance of any deposit formed— flat 
electrodes were considered likely to be much superior to tubes. 
Agglomeration may always be expected below 250'’. If it 
cannot altogether be prevented, some mechanical device for 
detaching the deposit is advisable. It is stated that the tests 
were made under conditions which, although inevitable, were 
unfavourable to comparative testing. The following table 
gives the results of the several runs. The last column contains 
the values calculated for the mobility of the particles. This 
quantity is the velocity (in cm./secs.) due to the action of a 
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potential gradient of i volt per cm. It is shown that if U 
is the effective voltage and V the greatest permissible axial 
velocity of the particles the velocity in column 3 below, 
for those experiments in which precipitation was very nearly 
complete), the mobility K is given by K = 1*515 F/C/, for this 
series. The values of K which may be used, as mean figures, 
for the purposes of design, are, at 230'', 40x10“^ and at 
310", S7Xio-\ 
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Some further information regarding the electrostatic pre- 
cipitation of acid mist, previously freed from at least most of the 
accompanying dust, is given in the last section of this chapter. 
From the two papers already quoted (the first of which gives 
a number of references) a very useful account of the practical 
aspect of electrical precipitation in general, can be gathered.^ 


Cooling the Burner-Gas. 

According to Knietsch, the removal of mist from the burner- 
gas is rendered much more difficult if it is cooled quickly. 
Although long flues are in use — as at Hochst — where a leaden 
flue 7 ft. by 5 ft. and 150 yards long takes the product of the 
Wedge mechanical furnaces, this slow cooling is by no means 
general or even advisable. As in the rest of the purification 
plant, the only metal with which condensed acid may come 
into contact should be lead, and as lead will not stand a high 

' See also, Bush, /. Soc. Chem. bid, {l\cview\ 1918, 389; and Gibbs, 
ibid, {Trans,),, 1922, 41, 189, who discusses the general problem of dust and 
fume in industrial gases. 
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temperature and retain its shape, the cooling is in most cases 
fairly sudden for at least a fraction of the required fall in 
temperature. 

Gas-Coolers , — Lead pipe-coolers are of various designs. The 
pipes are more usually set vertically and made of heavy lead, and 
are sometimes banded on the outside with steel bands covered 
with thin sheet-lead. This banding tends to prevent the collapse 
which occurs if overheating takes place due to failure of the 
water spray. (There is usually a slight suction inside the pipes.) 
It is necessary entirely to cover the steel banding straps with 
lead, as electrolytic action would otherwise result in the steel 
being rapidly eaten away. The pipes vary in diameter from 
12 to 20 in. or more, according to the amount of gas to be 
handled, and are arranged in several ways. It is necessary to 
provide cleaning doors for each bottom connecting-pipe, in 
order that the accumulation of acid sludge which always 
forms may be washed out, and provision must be made 
for the acid condensed in the pipes to run into catchpots 
provided with lutes. The amount of acid condensing in the 
gas-coolers is by no means large, and is insufficient to wash 
out the sludge which is formed at the same time. Cleaning 
doors or removable covers are also provided at the head of the 
vertical pipes, to allow of thorough washing down. 

A design which is employed in the United States is shown 
in the sketch of Fig. 48. The pipes are usually of about 12 in. 
diameter, and are erected in parallel sets, each set running from 
a bottom to an upper header of larger diameter. Several such 
sets are connected by joining the headers in the way shown in 
the first half of the sketch. The gas usually enters at the top, 
passes down one set into the lower header, and then up the next 
set, and so on. The vertical pipes are sprayed with water, and 
the bottom headers are provided with luted catchpots of large 
size to permit draining off the condensed acid, and also to allow 
of opening the end of the header and quickly flushing out 
the accumulated sludge. The size of the vertical pipes is 
diminished in each succeeding set, to compensate for the 
diminution of volume due to cooling, but the number of pipes 
in each parallel is usually the same. This type of installation 
is said to be more expensive to erect than one consisting of 
horizontal pipes, but is much more efficient and less trouble to 
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‘operate.^ The usual method of cooling is to run water down 
them from perforated water pipes which encircle each lead pipe 
near the top ; but if water is not too plentiful, very good results 



Fig. 48. — Vertical Burner-Gas Cooler. 


can be obtained by spraying the water on to several pipes at 
once from large atomising sprays of the Gaillard type. This 
effects a great economy in water. 

With the installation just described (see also U.S. P. 1 13437) 
the rate of travel of the gases 
is lower than if the pipes had 
been arranged in series. A 
good example of the series 
arrangement, illustrated in Fig. 

85, p. 299, is that of the gas- 
coolers used on the Grille plants 
of H.M. Factories. The method 
of arranging the pipes is shown 
diagrammatically in Fig. 49. 

The gas enters at the top of 
one pipe and leaves at the top 
of another. The bottom headers, each joining two pipes, all 
' Dept, of Int,^ Bull, 1920, 184 , 155. 
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lay in the same direction and were arranged in a shallow 
wooden tank which was kept full of water. The diameter 
of the pipes was in this case 20 in., and two sets of twenty each 
were worked in parallel. The cooler as a whole could easily 
deal with 4 to 5 million cub. ft. of gas per day, and it was 
rarely that water was used on all the pipes at once. The gas 
entered at about 280° and left about 30°. 

In some plants the pipes are built up horizontally and 
immersed in water. To obtain the cooling surface required 
with a minimum initial cost, they are often very long and of 
large diameter. The removal of sludge from long horizontal 
pipes is a matter of some difficulty. Catchpots are fitted for the 
condensed acid at frequent intervals. For the sludge, cleaning 
doors arc fitted to the upper surfaces of the pipes, through 
which flushing-out may be carried on. A horizontal sub- 
merged cooler of this kind is illustrated in Fig. 50.^ 

Whichever system of erection be employed, the method 
of connecting the dust chamber and the cooler is of great 
importance, for at this point, where temperatures up to 300° 
may obtain, the corrosive action of the acid, near to the point 
of liquefaction, is intense. No acid should ever be allowed, of 
course, to condense in the dust chamber, but the maintenance 
of the necessary high temperature at the outlet of the chamber 
places a certain strain on the cooling of the first pipes of the 
cooler, and if the water supply to these fails their collapse may 
be very sudden. The best type of connection is probably iron- 
or lead-covered porcelain pipe of the “ Ceratherm ’’ variety. 
Steel pipes lined with tiles set in acid-proof cement have 
been used, and the brick flue from the dust chamber has also 
been carried nearly to the entrances to the lead cooling-pipes, 
and connected to them by a short and easily renewable length 
of steel pipe. 

Even though the first lead pipes of the coolers are 
maintained without collapse, the action on them of the hot 
concentrated acid which condenses is severe, and the General 
Chemical Company in one of the Herreshof patents of 1910 
express the opinion that no merely external cooling is sufficient 
(U.S. P. 955067 of 1910). They devised, therefore, a stand-pipe 
cooler, the inside of which is wetted by a descending film 
^ U,S, Dept, of Int., Bull.y 1920, 184 , 154. 
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of diluted sulphuric acid, the outside being water-cooled in 
the usual way. This is illustrated in the sketch of Fig. 51. 
The gas enters by the side pipe into the portion of the cooler 
which is surrounded by water in the jacket j. Here, and on 
passing upwards, it is prevented from attacking the internal 
walls by a film of acid which is formed by running in acid 
from the constant level tank and allowing it to flow through 
the gas-lute /, and down the inside of the cooler. Access 
to the main header H is controlled by a butterfly-valve K, 
the spindle of which also carries a gas-lute, and the cooling 
pipe is fitted with a guard ^so that the acid, instead of running 
into the off-take and so into the header, is deflected into the 
annular channel //, and, overflowing the rim, again descends 
the inside of the pipe. 

Another variety of gas-cooler is that employed in the 
Tentelew plant. It consists of a cylindrical vessel built up 
of a number of cylindrical sections provided with hollow 
diaphragms. Water is circulated through these diaphragms 
and surrounds the whole cooler. This is represented in 
Fig. 105, p. 356, This arrangement facilitates cleaning out. 
The sludge is more readily removed than from pipe systems, 
and there is less tendency for the apparatus to be blocked 
up in use. 

Cooling by Contact with Acid or Water . — The hot gas may 
also be cooled by bringing it directly into contact with diluted 
sulphuric acid, or even with water. The gas then passes on at 
a lower temperature, laden with the water vapour which has 
been evaporated. 

This mode of cooling formed part of the system of purifying 
burner-gas worked out by Rabe which is still operated in a 
modified form. The hot gas was cooled by direct contact 
with the liquid, in two stages. In the first the effect was 
such that the liquid evaporated more or less completely, and 
in the second stage it was only heated. The gas entered a 
cooling chamber consisting of a cast-iron pipe lined with 
acid-proof material, and by means of a Korting's spray producer 
sulphuric acid or water was injected in such amount as to 
be entirely evaporated. The cooled gas then passed into a 
tower built like a Glover tower, the bottom and sides being 
lined with acid-proof pottery. Contact with the acid flowing 
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down this tower completed the cooling (B. P. 3327 of 1901). 
The same principle is embodied in one of the Herreshof 
patents (U.S. P. 940595 of 1909), which gives a general outline 
of a purification method. From a dust-chamber the furnace- 
gas passes to three towers, down which is run weak sulphuric 
acid from the scrubbers of the purification system. 

The heat which is removed is thus utilised for the con- 
centration of weak sulphuric acid ; but an extra burden is thrown 
on the drying system of the plant, unless special means are 
taken for removing the extra water vapour. In some plants 
which were erected in this country recently with Glover towers 
for cooling the gas and concentrating weak acid at the same 
time, it was found that the arsenic content of the cooling 
acid rose so rapidly that to keep the arsenic down to a com- 
mercially possible figure, a large amount of acid had daily to 
be removed from that circulated through the tower, the con- 
centration attainable thus being lower than was desired. This 
difficulty would appear to have been in view in a patent of 
1910 (Duron and Hartmann, B. P. 9869 of 1910), in which it 
is proposed to filter the burner-gas through a layer of ferric 
sulphate or similar material to remove the coarsest impurities, 
and then to treat it in a series of chambers with sprayed 
sulphuric acid. 

The elimination of the additional moisture introduced by 
this procedure is dealt with in a recent Herreshof patent (U S. P. 

1 1 13437), based on the observation that the rapid cooling 
of burner-gas which has been scrubbed with 50 per cent, 
sulphuric acid caused a considerable separation of condensed 
water containing very little acid. The process is es.sentially 
one for removing water only, and is applied between the cooling 
scrubbers and the filters, so that stronger acid is obtained 
by deposition in the latter elements of the plant. It is stated 
that a suitable cooling range is from 93° to 38°. Hot gas of 
7 per cent, dioxide is reduced in temperature to 500° in suitable 
conduits, is then passed through towers containing 50 to 
60 per cent, sulphuric acid, so that its temperature falls 
to between 90° and 120®, and at this temperature enters 
large pipe-coolers constructed on the same principle as those 
illustrated in Fig. 48. Instead of cooling by scrubbing, 
the injection of a spray of water can be resorted to. 
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The sulphuric acid is usually less than 4 per cent, of the 
total condensate. 

In many plants in which this acid-cooling system has been 
fitted,^ there are two towers. The hot gas enters the first, and 
after being cooled with comparatively strong acid, enters a 
second in which weaker acid is circulated. A large amount 
of acid is removed from the gas, and water driven out of the 
acid in the first tower is transferred to the second. The 
strength of the acid in the second tower is thus dependent on 
the operation of the first, and to reduce it sufficiently water is 
sometimes added. It is found that the higher in temperature 
is the gas which enters this system, the greater is the amount 
of mist which passes away from it. 

Gas-Rltration. 

Filtering Materials . — Of the many substances which have 
been used as filtering materials, coke and quartz are the most 
common. Both these materials are unattached by sulphuric 
acid of any concentration (below 100 per cent.) at the atmo- 
spheric temperature, but if the temperature is expected to be 
considerably higher than this, coke is not always considered 
to be sufficiently resistant. Silica has the advantage of being 
readily washed and dried, and of being recoverable in a clean 
condition no matter how much it may have been fouled. Coke 
is more often renewed than recovered, and is in any case very 
difficult to obtain quite dry. Where the conditions of use 
are such that only traces of acid are to be extracted, coke un- 
doubtedly exposes the larger surface; but if sufficient acid is 
thrown down to wet the filtering material there should seem to 
be very little difference between the two. Hard “ metallurgical ” 
coke is employed. 

Many other materials have been and, in some cases, are 
still in use. Asbestos is used in Grillo plants, basic-slag sand 
in Mannheim plants, as well as asbestos mixed with lime. 
Filtration through calico held on perforated iron frames has 
been reported in recent use at Hochst. Cotton-wool filtration 
was a distinguishing feature of the process used at the Muldencr 
works at Freiberg. Slag wool, sawdust, and wood-shavings 
have all been used. The material made by heating cotton 
^ See for instance, p. 336. 
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in a closed vessel to 300° or 350° has also been suggested 
(Fr. P. 456524).^ In all these instances the main action of the 
filtering material on the impurities in the gas is the purely 
physical one of causing adherence of particles of mist or dust. 
It is widely believed that basic-slag sand has a chemical action 
on arsenical impurities, but the foundation of this does not seem 
to be very certain. Hydrochloric acid is retained by slag sand, 
and slag wool is said to have to some extent the same effect. 

The size, construction, and filling of filters varies greatly. 
No general figures for the efficiency of quartz or coke filtrations 
can readily be given, because there are so many factors which 
vary from one design to another, and the work which is expected 
of the filters may also vary greatly. A rough division may be 
made between filtration to remove the coarser particles of acid 
mist from the burner-gas as soon as it leaves the coolers and 
before it is scrubbed or washed, and filtration as a final pro- 
cess of purification, applied after scrubbing and perhaps after 
drying also. The Grille plants of H.M. Factories had two filters 
connected in series between the gas-coolers and the scrubbers, 
each being 30 ft. long, 12 ft. wide, and 10 ft. deep, and usually 
containing, in addition to coarse material, 4 ft. of crushed coke 
sized from I in. to /V burner-conversion averaged 

about 2'S per cent., so that when 22-5 tons of trioxide were 
being made per day about 0 56 ton of trioxidc had to be 
removed in purification. Of this the two filters mentioned 
were responsible for 60 to 70 per cent., so that if the coarser 
filling of the filters be omitted from consideration, i cub. ft. of 
coke separated about 044 lb. of trioxide in the form of 50 
to 70 per cent, sulphuric acid. For every ton of trioxide 
made there were about 130 cub. ft. of fine coke. 

Several variations in the method of passing the gas through 
the filtering material are possible. It is general to support the 
coke or quartz on a grid of lead or acid-proof bricks, and to pass 
the gas through from the bottom. But if the filter is the first 
in series after the burners, and deposition of dust is expected, 
or sublimation of sulphur from sulphur burners, the gas is 
often passed in at the top, so that the contaminated material 
can, if necessary, be replaced. Flushing pipes are sometimes 
fitted at either top or bottom by which the accumulated 
' Metallbank tmd Metallurgische Gesellschaft^ Frankfort. 
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impurities are washed out. A good instance of coke filters in 
which the coke is supported on a brick grid is seen in the Grille 
filters already mentioned, the constructional details of which 
are shown in Fig. 86. In the first two of these, the gas passed 
downwards ; in the other three, which were placed after the 
scrubbers, it passed upwards. The body of such a filter con- 
sisting of nothing but a lead box, it was found necessary to 
provide very rigid supporting woodwork, and to band the lead 
sides and top to the wood very thoroughly in order to avoid 
the crystallising effect of the pulsations set up by the blower. 
This was especially necessary in the last filter, from which the 
gas passed immediately to the blower. 

Another type of filter which has been used extensively in 
the United States is that illustrated in Fig. 52. It consists of 
a large rectangular lead lined wooden box which is entirely 
filled with carefully sized and washed coke. For a plant 
producing 24 tons of trioxide per day, this box would contain 
from 180,000 to 360,000 cub. ft. of coke, in order to remove only 
the mist remaining after the scrubbing operations. The bottom 
slopes slightly towards the centre, and a shallow drain runs 
longitudinally down the middle of the bottom and di.scharges 
into a trap at one end. The gas entrance is usually placed 
at one end near the bottom ; the outlet is at the other end, 
usually near the top, and round both entrance and outlet is 
provided a large gas-diffusing space, in such a way that the 
largest po.ssible area of the coke is accessible without risk of the 
entrances to it becoming blocked. Coke from I in. to § in. 
is used. Lead strips or lead-covered ribs are fastened to 
the under side of the cover, so that they extend across the 
filter and project well down into the coke, thus preventing the 
gases from passing through an empty space at the top, in case 
the subsidence of the coke causes one to form.^ 

It is, of course, necessary in this case that the entering 
gas should have been scrubbed quite free from all fumes of 
solid matter, for no upper layer of coke can here be replaced. 
It is, however, possible to wash out deposited solid matter from 
the top ; but such operations are not successful owing to the 
difficulty of distributing the washing liquid over the coke, and 
the great probability of channels being formed as it runs down. 

' U.S, Dept, of Jftt,y DulL^ 1920 , 184, 160 . 
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Fig. 52.— Coke-Filled Box Filter. 
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Another system of gas-filtration consists in arranging a 
number of smaller filters in sets of three or more in series, as 



Fig. 53. — Small Box Filter for Asbestos or Sawdust Packing. 

many sets being connected in parallel as may be required, 
suitable provision being made for switching over to spare 
filters for cleaning. Such installations are in use in the United 
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States for the final stages of purification, and often consist of 
a number of boxes (Fig. 53) 8 or 10 ft. square and 2 to 3 ft 
deep, of substantial construction and lead-lined both inside and 
out. The filling consists of light material, such as sawdust or 
asbestos, which offers little support to the sides, and collapse is 
prevented by the outside covering which resists the suction. The 
top is in one piece, lead lined and heavily ribbed on the outside. 
Heavy timbers project in four directions and can be used for 
raising the top with jacks. The lead lining of the top projects 
half way across the strip made by flaring out the inner lining 
of the filter, and a joint can be made easily by beating down 
the top lining and luting it with suitable plastic cement. 
The gas inlet is in the centre of one side at the top. Good 
results are obtained only when the gas passes dozuii through 
the filter, and the gas outlet is therefore on the opposite side 
near the bottom. Each box contains a brick or tile grill about 
I ft. high. On this straw is spread, and on this again about 
6 in. of coarse pine sawdust covered with coarse canvas. The 
second box of a set has, in addition, a layer of finely teased, 
long-fibre asbestos, covered with canvas. In the third box the 
asbestos and some of the sawdust is replaced by mineral wool 
to trap any hydrochloric acid which may have passed the 
scrubbers. In normal operation there is a considerable drain 
from the first filter, and occasionally a little from the second, 
but there should never be any from the third. When a filter 
is becoming clogged, as shown by a differential pressure gauge 
fitted to each one, the whole set is switched out of the circuit and 
a clean one switched in. It is usual to renew the first filter every 
seven days, the second every three or four weeks, and the third 
every six or eight months. Such a set is said to be capable of 
filtering 5 cub. ft. of gas per minute for each square foot of total 
filtering area, without causing undue resistance to the flow.^ 
Another instance of the arrangements of filters in parallel 
is that adopted on the Tentelew and other plants, not for final 
purification, as in the last case, but for the initial stages. The 
filters are usually cylindrical and are fitted with luted bends to 
the gas entrances and exits, so that any filter can be cut out 
for cleaning. Water and compressed air-pipes are fitted so that 
by filling the filter from the bottom, and possibly also with the 
* U,S, Dept of Int, BulL^ 184 , 162. 
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assistance of compressed air, the deposited impurities may be 
dislodged from the silica and run to waste. Further details 
will be seen in the sketch of Fig. 107, and in the general 
description of the Tentelew plant. 

Scrubbing. 

The scrubbing of the burner-gas may be carried out by 
a variety of methods which are divisible broadly into two 
classes. In one the gas is passed through a tower down which 
the scrubbing liquid descends, well distributed over suitable 
packing. In the other the gas is brought into intimate contact 
with the liquid by being bubbled through it. The second class 
of operation is much the more efficient. Mechanical scrubbing 
with such plant as the Theisen centrifugal scrubber used for 
cleaning blast-furnace gas from dust, or the Trepex washer, has 
often been discussed. An American patent (Webster and 
Perry, U.S. P. 1 390410 of 1921) embodies a claim for the 
application of a centrifugal gas-scrubber, revolving at 20,000- 
40,000 r.p.m. Sulphuric acid is fed in as absorbing liquid 
and is brought into violent impact with the mist by the 
centrifugal action. The possibilities of this kind are promising, 
but so far, no doubt mainly on account of practical difficulties, 
they do not seem to have been realised. 

So far as the removal of fine dust is concerned, there is 
perhaps no special difficulty in the Contact Process as compared 
with other known processes ; but sulphuric acid mist constitutes 
a special and difficult case, for the particles are unusually 
difficult to settle, even in presence of a large amount of water 
vapour which might be expected to dilute them rapidly to 
the point of deposition. 

The scrubbing liquids in use are water, dilute sulphuric 
acid, and very dilute alkaline solutions. If water is used, the 
amount is naturally limited, since too much sulphur dioxide 
would otherwise be removed and lost, so that in the later 
stages of the washing operation, the water has been converted 
into dilute acid. Dilute acid alone, if the scrubbing is very 
thorough, is efficient in removing most of the impurities but, 
as has already been seen, is not very efficient in dealing with 
considerable quantities of hydrochloric acid. A dilute solution 
of sodium hydroxide, as used in the Tentelew process, is 
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satisfactory in this respect and is one of the most perfect means 
of purification. The actual reagent is of course a small amount 
of bisulphite, dissolved in a large quantity of water. 

Scrubbing in Packed Towers . — In the purification method 
usually adopted in Grillo plants, the burner-gas, possibly after 
some preliminary filtration, is passed through two or three 
towers in counter-current to descending streams of acid. Con- 
centrated sulphuric acid is used in the last of these towers in 
order to dry the gas, so that the set performs the double 
functions of scrubbing and drying. The towers are usually 
packed with coke, and arrangements are made, at least in the 
case of the last one or two towers, for cooling the acid as it runs 
off, before it is again passed to the top. If three towers are 
used, the heat developed in the first (containing the most 
dilute acid) is not enough to make such an arrangement 
necessary. Details of the construction and lay-out of such a 
set will be found in Figs. 87 (i) to (3). Each tower, with its 
top and bottom acid tanks, distributing plate and pump, forms 
a separate system for circulating acid, and the concentration of 
the acid in the three towers is controlled by forwarding acid 
from one bottom tank to another as required. It was usual 
to maintain the acid in the last tower at 93 to 95 per cent., 
that in the second at 84 to 85 per cent., and that in the third 
at 55 to 60 per cent,, water being added in the last case if 
necessary. Large feeds of acid up to 10 tons per hour were 
thrown into each tower. 

The efficiency of such a scrubbing system in regard to 
chlorine has already been discussed. It is entirely dependent 
on working the first scrubber with as weak acid as possible, 
and renewing it frequently. As regards purification from 
acid mist and its accompanying impurities, such means are 
in themselves quite insufficient without very thorough sub- 
sequent filtration. Some filtration is in any case necessary 
to prevent finely divided acid being carried forward, and if 
the feeds down the towers are very heavy, the mist trouble 
may be made worse rather than better. The total amount 
of acid and water vapour passing from these towers varied 
greatly, but amounts of 0-5 gm. per cubic metre of HgSO^ 
were often found, accompanied by 0-2 gm. or more of water. 
On maximum production of the plant the “total moisture” 
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was in some cases i-o gm. or more. The extent of packed 
scrubbing space was 346 cub. ft. per ton of trioxide made. 

In the scrubbing system which has been outlined, the 
amount of concentrated acid which has to be added to the 
last tower in order to maintain the acid concentration at a 
figure consistent with complete drying, say at 95 per cent., 
will depend on the amount of water vapour which passes 
over from the first tower, and this quantity again will be the 
smaller, the lower the temperature of the acid in the first tower. 
If the entering gas is hot, or contains large amounts of water 
vapour from previous treatment with water or sulphuric acid 
at a higher temperature, the temperature in the first tower 
will tend to rise. To counteract this and cause the moisture 
to deposit in the weaker acid instead of the strong, a system 
of scrubbing with acid flowing over leaden cooler-coils has 
been designed.^ One design on this system is shown in the 
sketch of Fig. 54. In the annular space between the inner 
and outer lead shells, spirals of lead pipe are arranged, with 
very little clearance — not more than } in. to g in. — and each 
spiral is staggered in relation to the adjacent ones. From 
fifteen to thirty of these spirals are placed one over the other, 
and one end of each is burnt into the wall of the inner shell 
which serves as a water reservoir. The other ends of the 
spirals arc brought through the outer shell and provided 
with valves for regulating the water supply to the coils. 
Weak acid enters the top of the tower and is showered 
down on to the coils from a distributing pan. The gases 
pass upwards between the coils. By these means the heat 
of the gases is transferred to the acid, which is almost 
continuously in satisfactory thermal contact with the lead 
surface. From 1 1 to 45 CH.U. are said to pass per hour per 
square foot of lead, depending on the gas-speed and fineness 
of division of the acid. 

The acid is discharged through the trap into one of two 
lead-lined settling tanks. The solid impurities settle out, and 
practically clear acid overflows and is returned to the tower 
through a pump or air-lift. If this tank becomes too foul or 
saturated with chlorine, it is cut out and replaced by the 
other. 

^ d/.5. DepL of I nLy Bull, 1920 , 184, 157 . 
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Scrubbing in Gas- Washers . — The gas-washers used at the 
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Fig. 54. — Lead-Coil Cooling and Scrubbing System. 


a, Water inlet ; by water outlet ; c, cooling water ; dy water overflow ; acid inlet ; 
fy gas outlet ; gy pan ; hy gas inlet ; acid outlet. 


Badische works, where the process of purification by intensive 
washing with sulphuric acid was first developed, are shown in 
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55- They consist of leaden sheets containing a conical 
leaden bell perforated with holes. The gas passes downwards 
into the bell, and upwards through the holes, being divided into 
small bubbles which rise through the washing liquid. The 
whole vessel is water-cooled. After issuing from these washers 
the gas is conducted through a series of four rectangular lead- 
lined washers constructed in the same way, and of the same 
dimensions (4 ft. by 7 ft.). As before, additional purification is 
necessary, and the next stage is passage through leaden towers 
15 ft. high by 8 ft. diameter 
packed with coke to remove 
acid mist. Only drying then 
remains to be done. 

Washers of this or a similar 
type are very efficient as com- 
pared with packed towers, and 
lend themselves more readily 
to control of the temperature 
of the acid ; but they are at a 
disadvantage in respect of the 
power required for operation. 

A properly packed scrubbing 
tower in full operation shows a difference in pressure of a few 
tenths of an inch of water at most, whereas the pressure fall 
in the case of a gas-washer cannot be less than the head of 
liquid above the holes. Further details of the action of 
apparatus very similar to this will be found in connection 
with the Tcntelew plant. See, for instance, the sketch of the 
“prewasher” in Fig. 108, p. 360. 

Washing with dilute soda solution is a distinguishing 
feature of the Tcntelew process of purification, and is carried 
out in leaden towers built in sections, each section constituting 
a liquid seal through which the gas must bubble on its upward 
course. Communicating pipes allow of the overflow of liquid 
from one section to another, and of each section being com- 
pletely emptied when necessary. This is illustrated in the 
diagram of Fig. 109, representing two sections of such a tower. 

This scrubbing with water in gas-washers is one of the most 
efficient methods for removing acid mist, arsenic, and hydro- 
chloric acid. It is easy to see that the intimate contact must 
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cause the mist globules to absorb water until their concentration 
falls nearly to that of the washing liquid, so that they become 
far more readily precipitable, even if the washing liquid does 
not absorb them bodily. The soda is an additional advantage ; 
lime has been tried but does not give equally good results. A 
plant producing about lO tons of trioxide requires only about a 
kilogram of sodium hydroxide a day, for the liquid in the top 
section of the tower is rapidly converted to sodium bisulphite, 
and as this descends through the other sections, it is gradually 
converted into sulphuric acid of greater or less concentration, 
so that the washing is really carried out by two separate 
reagents, anything which escapes the sulphuric acid being 
retained by the bisulphite. 

It is a very notable fact that in at least one modern plant — 
that at Dormagen — the cooling and washing of the burner-gas 
is carried out in a single tower. The burner-gas from the four 
5-ton Herreshof furnaces of each unit passes first of all through 
Cottrell dust-precipitators of the general construction indicated 
in Fig. 46. From this it is led to a large tower composed 
(externally) of five cast-iron sections bolted together, the whole 
being about 30 ft. high. Each section of the tower com- 
municates with those above and below it by small pipes. 
Water is admitted at the top, and a drain is provided at 
the bottom into a lead lined launder. The gas leaves this 
apparatus at about 35° and, after drying, is passed to the 
converters without further treatment. Fig. 56 shows this in 
rough diagrammatic form. The internal construction of this 
tower has not been revealed, but since the burner-gas entering 
it must be from 500° to 600° in temperature and issues from it 
purified, at nearly the temperature of the atmosphere, the 
installation embodies a very remarkable achievement. 

Drying. 

The drying of the purified gases is always carried out by 
passing them through packed towers down which sulphuric acid 
is allowed to flow. Coke is very generally used as packing 
material. At least two towers are generally used, and often 
three. In such towers, especially when they have to fill the 
double purpose of scrubbers and driers, as described in the 
last section, the acid is maintained in circulation round each 
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tower separately, and sufficient fresh acid is supplied to the 
tower which the gas enters last to maintain its strength at the 
figure desired, say 93 per cent, the volume of acid being kept 
more or less constant by by-passing some to the second tower, 
and some from this to the first 

As will be indicated more clearly in connection with 
absorption, the amount of water removed from the gas in 
this way may be an important factor in the operation of the 
plant One ton of water combines with 4-44 tons of trioxide 
to form sulphuric acid, and with 5-80 tons to form oleum of 
20 per cent, strength. If there is no outlet for the weak acid 
from the drying towers, otherwise than to use it as feed acid 
for the absorption system, the quantity of contained water may 
be more than is allowable. This condition of affairs will be 
more liable to arise when recovered acid of 92 per cent, or 
over has to be concentrated by passage through the absorption 
system, than when the object is merely to produce oleum from 
a feed of water, or of weaker acid from the purifying system. 

The quantity of drying acid required depends on the initial 
and the allowable final strength. Suppose that acid of 
per cent. H0SO4 is diluted in use to /o per cent., the 
weight required to abstract i ton of water is then : — 

P- 

a = . 

P\ - Pi 

If the weight of water vapour in the gas is known — zv grams 
per cubic metre, the corresponding weight in pounds per 1000 
cub. ft. is 7x7' 1 6-02. For practical purposes 1,000,000 cub. ft. 
is a more convenient quantity. The weight of water in this 
volume is 0-02787 w tons, and the weight of acid required for 
its absorption is: — 

A - 0.02787 ?£/ tons. 

P\ “A 

Such calculations as this can easily be carried out with fair 
approximation by means of the chart ^ of Fig. 57. A thread 

^ Construction of the Chart.— The scale of p^ is uniform, that of a is 
reciprocal (graduated partly by calculation, partly by projection of uniform 
scales from suitable radiant points). The supports are graduated by 
methods similar to that mentioned in the note on p. 192. The position 
of the A support is obvious, that of the line is found by calculation of 
pairs of values of a and /i, each having a common 
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held tightly across any two points on the scales of and 
gives the corresponding value of a, />., tons acid per ton water, 
on the scale of a. Keeping the thread fixed on the left hand 
{ci) scale, move the right hand to stretch the thread over the 
point required on the w scale ; A is then at once read off on 
the long sloping support To obtain the whole requirement 
of drying acid per day, multiplication of the result by the 
number of million cub. ft. passing through is necessary. This 
is generally known, and in any case can be calculated very 
quickly on the basis that i ton of sulphur, as sulphur dioxide, 
occupies (at N.T.P.) 24,500 cub. ft If the gas has been washed 
with water or dilute soda, it will be saturated with moisture at 
the temperature at which it enters the drying towers. To the 
w scale of the chart is therefore attached a scale of temperature 
which, for rough approximations, may be used instead of the 
ascertained water content of the gas. 

Only in the Mannheim plant is the air dried before 
admission to the furnaces. In this case the chart can be used 
in conjunction with the indications of the wet and dry bulb 
hygrometer and appropriate tables. 

It is not possible to state the degree to which the drying 
of gas over sulphuric acid, say of 94 per cent., can be carried 
at a given temperature in the ideal case, because the very small 
vapour tension of water over acid of this strength has not 
been determined, but in practice well-dried gas does not 
contain more than 0-02 to 0-07 gm. of water per cubic metre. 
Tests made in the laboratory with phosphorus pentoxide as 
additional absorbent show that the lower figure given is, under 
ordinary conditions of flow, near to the lowest that can be 
reached. 

The purity of the drying acid is of the greatest importance. 
The flow of the acid and the inevitable splashing cause small 
particles to be drawn along in the gas stream, and unless 
precautions are taken these may find their way to the con- 
verters, possibly carrying arsenic with them. The acid should 
therefore be tested periodically for arsenic. After leaving 
the drying towers the gas almost always passes through filters 
in which the spray produced in the towers is removed by 
passage through fine coke. The size of these filters varies 
with the design of the plant, and is naturally greater where 
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the gas has not been thoroughly washed with water, as in 
the Grillo plant, and some of the original mist (which scrubbing 
with any strength of acid seems only incompletely to remove) 
still remains in it. For well-washed gas a moderate amount 
of packed space is considered sufficient, say about lo cub. ft. 
per ton of SO3, as on plants of the Tentelew type ; but in 
spite of the presence of such filters the purity of the acid 
must be very carefully watched. 

If a contact plant is producing oleum or acid of about 
98 per cent, from a “ water feed,*’ so long as no arsenic passes 
to the converters, the product of the plant is free from this 
impurity, and the drying acid can be made either by direct 
production of 98 per cent, acid in the absorption system or by 
“ breaking-down ” (/>., diluting) the oleum. But the feed acid 
which is often supplied to the plant from other sections of the 
works on which the plant is situated is not always of the required 
purity, and it is therefore usual to instal a small auxiliary 
absorption system to make pure acid, or in cases where the 
number of units is large, to keep one unit working with water 
alone, and to ensure that no contaminated acid can be mixed 
with its production. Examples of the installation of such 
auxiliary absorbers will be found in connection with the 
various plants described. 

It should be borne in mind that the solubility of sulphur 
dioxide in sulphuric acid is considerable, particularly when 
the acid contains less or much more than 84 per cent. HgSO^. 
(Figures are given with the data at the end of this chapter.) 
The acid in the upper and lower tanks of the driers and 
scrubbers should therefore be protected as completely as 
possible from the air, so as to maintain as high a partial 
pressure of sulphur dioxide as possible above the acid. In 
one case, where the tanks were originally uncovered, i l per 
cent, of the total production was lost in this way from three 
scrubbers. On covering the tanks this loss was reduced to 
0*4 per cent. 


Special Means of Purification. 

Electrical Precipitation of Mist . — The increasing employ- 
ment of high-tension electricity for the removal of dust has 
been outlined in a previous section. In such cases the 
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temperature is maintained above the point of mist deposition, 
partly to make certain that the deposit is a dry one and is 
readily removed. The almost complete elimination of solid 
particles is believed to simplify the subsequent purification 
very greatly ; and this may well be, because the number of 
nuclei for condensation having been so much reduced, the 
mist, when it is thrown down, may form in larger globules 
which are correspondingly easier to absorb. 

It is questionable whether electrical precipitation of both 
acid mist and dust together has much hope of success, for 
the deposit would be an adherent sludge, the removal of 
which would be difficult ; but in cases where the greater part 
of the dust has been removed by other means, electrical precipi- 
tation has been applied with success. This system is now 
in operation on the Dalton plant of the British Dyestuffs 
Corporation. The Research Corporation of New York who 
work the American patents, report that they have constructed 
two installations which have been in operation for mist-removal 
for over a year and a half.^ The first installation is located 
in a very dry climate, and weak sulphuric acid is used as 
a cooling and scrubbing agent between the sulphur burners 
and the Cottrell apparatus. The precipitator consists of 
twelve lead pipes 8 in. diameter by 15 ft. long enclosed in 
a gas-tight cylindrical lead shell. About 750 cub. ft. of gas 
(measured under standard conditions) are treated per minute, 
and the temperature of treatment varies from 10° to 66° C. 
The average of the results of a long series of tests showed 
that with a sulphur dioxide percentage of 8*i, the percentage 
removal of SO3 was 99 56, the power consumption being 
2*7 kw. The average amount of sulphur burnt was 3 8 tons 
per twenty-four hours, with a maximum possible consumption 
of 5 0 tons. 

The second installation is situated in a damper climate 
where the sulphuric acid scrubber, placed before the pre- 
cipitators, acts as a drier and operates with 98 per cent. acid. 
There are two precipitators each containing sixteen pipes 8 in. 
diameter and 15 ft. long, set in a cylindrical shell, the whole 
apparatus being made of steel. These two units treat an 
average total volume of 2600 cub. ft. per minute (measured 
' Particulars kindly communicated by the Research Corporation. 



244 


GAS-PURIFICATION 


under standard conditions) in the same range of temperature 
as before. A long series of tests gave the following average 
figures. Sulphur dioxide percentage, 8 7 ; sulphur burnt in 
twenty-four hours, 13 tons; efficiency of precipitation of SO3, 
99-71 per cent. The average power consumption was 3-2 kw. 
In plants of this kind the tubes constitute the positive elec- 
trodes, and the negative electrodes are wires or rods passing 
axially through them. 

Other Methods . — From time to time methods have been 
proposed which involve very considerable modification of the 
usual purification process. A patent taken out in 1909 by 
Messel (B. P. 22672 of 1909; cf. also Fr. P. 414387) states that 
the greater part of the sulphuric acid originating in the 
burners can be got rid of by passing the burner-gas through 
hot coke. The temperature of the coke must exceed 300° and 
is preferably about 425^ In this way, although the whole 
of the mist is not at once removed, the elimination of the 
remainder is very much simplified. In another specification, 
by the Simon-Carves Company (Potts and Simon-Carves 
U.S. P. 1335257 of 1920), it is proposed to obviate the usual 
purification by dissolving the sulphur dioxide from the burner- 
gas in water or another solvent, and subsequently regenerating 
it by passage of a current of air. This is a reversion to the 
old procedure of Squire (see p. 13), with the exception 
that no pressure is required to complete the solution. It is 
stated that the burner-gas is first passed through a dust 
chamber and then washed with relatively strong acid, which 
may at the same time be concentrated. The gas then passes 
to two towers down which water is allowed to flow in counter- 
current, the effluent from the second tower {i.e., that further 
from the burners) being delivered to the top of the first. The 
sulphurous acid solution after leaving these towers flows first 
to a preheater which is warmed by the hot burner-gas, and is 
then pumped over two towers similar to the first pair. Through 
these towers a current of air is drawn by means of a fan ; the 
solution is fed to the top of the tower nearer to the fan, flows 
from the bottom and is pumped to the top of the tower into 
which the fresh air is entering, so that the spent solution meets 
the air in counter-current throughout. The same mass of water 
is constantly pumped round this system, and the rate of evolu- 
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tion of dioxide should therefore equal the rate of absorption. 
The gas is passed, as a final stage, through a small scrubber 
and a drying tower. The proposal is an interesting one. 

A drastic modification of the purification process, amounting 
in fact to dispensing with it entirely, is that specified in one of 
the recent patents of the General Chemical Company (Merriam, 
U.S. P. 1384566 of 1921). The very great purity of Louisianian 
sulphur is the basis of the proposal. Sulphur of this kind is 
burnt in previously dried air and the burner-gas is carried 
directly to the converters, being cooled on the way only so much 
that its temperature at the converter inlet is 400'’ C. or more. 
The specification indicates two converters, each followed by a 
cooler. It is pointed out that the sulphur contains arsenic, 
although in very minute amount, and that if the contact-mass 
retained the whole of this, there should be no difficulty in 
detecting its presence in the mass. None can be found there, 
and the reason that this poison does not function is not easy 
to see. During the whole process of burning and conversion 
a temperature of at least 400^ is maintained. There is there- 
fore no formation of acid mist ; no external heating is required, 
and the plant is very considerably simplified. 


Data relatuig to Gas-Purification. 

Weight of Water in I Cubic Metre of Saturated Air* (rr). 
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• SniithsonirtJi Tables. 


Multi))ly these figures l>y 0-06242 lo obtain lb. per lOOO cubic feet. 

„ ,, „ „ 0.02787 to obtain tons per 1,000,000 cubic feet. 

N.B. — Grams per cubic metre are equal numerically to ounces (av.') per 1000 cubic 
feety within one part in 800. 
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Data relating to Gas- Purification — contumed, 

Vapour Tension of Sulphuric Acid (in mm. of mercury).* (lo'’ to 75°.) 
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* Sorel. For complete data see the volume of this work dealing with Sulphuric Acid. Sorel’s data have been criticised by Porter (Tratts. Farad 
Soc., 1918, 18, 878), and are probably not verj’ accurate, but they agree fairly well with Uegnault’s (the only others in this range). They were obtalm 
by an air-bubbling method which justifies their selection for calculations on gas-washing. 
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If 7e/ = grams of water in i cb.m, air at f C., and // = 
tension of aqueous vapour (in mm. of mercury), then — 

w = 1.060 // / (i + 0.003665 /). 


Solubility of Sulphur Dioxide in Sulphuric Acid at 20° C* 
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' Milos and Fenton, J. C/im. Trans., 11#20, 117, 


Solubility of Sulphur Dioxide in Sulphuric Acid of Sp. Gr, i*84.t 

I to. 1 111 17-i ' 42 50 ‘1 G2-3 84 3 j 
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scrums of acid . . . S ' 2 () 4*35 3*0 1*91 1-47 I*I2 0*71 

^ ^ . 1 _.l . . . 

t Dunn, Chmi. Xrirs, 1882, 46, 270. 



CHAPTER VII 


THE ABSORPTION OF SULPHUR TRIOXIDE 

The absorption of the gaseous sulphur trioxide from the 
gas leaving the converters is a problem presenting many 
points of interest and difficulty* Of the total gas volume, 
from 5 to 8 per cent, consists of trioxide. To effect 
combination with water directly is practically impossible, 
for the acid mist thus formed resists the most vigorous 
scrubbing ; if such a procedure were attempted it would only 
become effective when the absorption had increased the 
concentration of the absorbing liquid, however slowly, to 
the region of 96 or 98 per cent, H.3SO4. Acid of about 
98*5 per cent. H0SO4 is the best absorbent, and is very rapid 
and complete in action so long as its concentration is main- 
tained at this figure. The temperature of absorption is also 
important, and to control it the very considerable heat 
development due to the combination of sulphur trioxide with 
water, or with sulphuric acid, must always be taken into 
account. In the ensuing discussion these points will be 
taken seriatim. 

The Phenomena of Absorption. 

Influence of Concentration of the Absorbing Acid . — Although 
the extraordinary fact that sulphuric acid of nearly 98 per cent, 
was necessary to secure the best extraction of the trioxide 
from the gas mixture was probably known to certain other 
manufacturers before that date, it was first made common 
knowledge by the Badische Company in 1901. In a British 
patent of that year (B. P. 6829 of 1901) a claim is made for 
the use of acid from 97 to 99 per cent. H2SO4, and Knietsch, 
in his first paper, stated that the absorbing power of acid 
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of this concentration is so great that a rapid stream of gas 
can be completely freed from trioxide by passage through a 
single absorbing vessel, provided the concentration of the 
absorbing acid is kept constant by a continual addition of 
water or diluted sulphuric acid. 

These facts are of fundamental importance, and although 
absorption systems are arranged in many different ways, and 
often make partial use of acid of greater strength, the 
employment of this acid is always relied on to complete the 
absorption, if not to accomplish it entirely. Experience, 
therefore, confirms the conclusion of the Badische Company, 
and additional evidence of a deliberately experimental kind, 
which has hitherto been lacking, can be supplied from some 
of the results of an investigation made at Queen’s Ferry during 
the War.^ 

The experiments were made in glass apparatus (a small 
model plant having given very irregular results), and the 
conditions were so chosen that the ratios of trioxide to other 
gas, of the total gas-volume to the capacity of the absorption 
tower, and of the weight of acid fed to the weight of trioxide 
absorbed, were as nearly as possible the same as on an actual 
plant. A current of air containing about 5 per cent, of 
trioxide was obtained by bubbling dried air through 20 per 
cent, oleum, kept at a definite temperature. By this method 
the presence of small amounts of dioxide was avoided. The 
gas was then heated to from 70° to 75"’ by passage through 
a heater and, after flowing through a T-pi^ce, by which a 
sample could be withdrawn for analysis, was passed through 
a vertical tube packed with quartz, down which the absorption 
acid could be allowed to flow at a regulated rate. The tube 
was jacketed, so that when heated feed acid was run in 
its temperature could be maintained. The gas leaving the 
tower was led through a series of wash-bottles so that the 
unabsorbed trioxide could be estimated. Four bottles con- 
taining standard soda solution were used for the estimation 
in each case. The rate of flow of the feed acid down the 
tower was such that the concentration of H2SO4 rose during 
passage by about 0 5 and not more than o-6 per cent. When 
the gas entered the tower with about 5 per cent, of trioxide 
^ By F. W. Linch and others. 
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and met the acid at 25° to 30° the following series of results 
was obtained : — 


Initial por ceJit. 

Increase of per 

Per cent. 

Per cent. 

H2SO4 in Fe<‘d 

cent. HoSOj 111 
Feed Acid. 

Trioxide in 

Absorption of 

Acid. 

Entering Gas. 

Trioxido. 

100-2 

0-5 

5-00 

98-2 

99-1 

0-5 

5-14 

99-1 

9S-25 

0-6 

5-01 

99-6 

97-5 

0-5 

5-00 

99.4 

9 f '>3 

0-5 

5-08 

99-2 

94-5 

0-5 

5-10 

990 

94-0 

0-6 

5-11 

98-9 

92-5 

0-6 

505 

98-6 

91-0 

0-5 

4.98 

98-4 

90-0 

0-6 

511 

97-6 

85-2 

0-6 

oc 

0 

93-^) 

8o-6 

0-6 

5 04 

89-0 

75-3 

0-5 

4.98 

82-0 

71-0 

0-6 

5-*5 

72-6 


These figures are shown graphically in Fig. 58, in which 
the degree of completeness of absorption is plotted against 
the initial concentration of the acid. The greatest effect is 
obtained with acid of about 98*3 per cent., but it is evident at 
this low temperature and under the conditions of the experi- 
ments (which were for several unavoidable circumstances more 
favourable to complete reaction than technical conditions) that 
the favourable range of concentration is a fairly wide one. Only 
with acid of less than 90 per cent. H.3SO4 does the absorption 
fall below 98 per cent. 

Influence of Temperature on the Rate of Absorption , — 
Another set of experiments was carried out, on all respects 
similar to the foregoing, except that the feed acid was heated 
to 60° to and was maintained at this temperature during 
absorption. 

Initial per cent. H.2SO4 in feed acid . .98*9 98-15 97-3 94-0 900 

Increase of per cent. H2SO4 in feed acid .0-5 0-5 0-5 0*5 o-6 

Per cent, trioxide in entering gas . . 5*06 5-02 4-98 5-00 5-13 

Per cent, absorption of trioxide . . . 98-0 98-5 97-8 91*9 84*9 

These figures also are plotted in the second curve of Fig. $8. 

The maximum is obtained at about the same concentration as 
before, but the narrowing of the range over which successful 
absorption can be carried out, is most striking. To give the 
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same result as at the lower temperature (say 96 per cent. 


ez M SO 94 9a loz 



% Hi 504 m ACID (initial) 


Fig. 58. — Graph connecting Rate of Absorption of Trioxidc with Concentration of 

Absorbing Acid. 

removal of the trioxide), acid of 96 per cent, must be used, 
whereas at the lower temperature acid of about 88 per cent 
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was sufficient. In practice the conditions of the operation 
resemble those of the second set of experiments much more 
nearly than those of the first set, and it becomes clear that 
the higher the temperature the greater is the necessity of 
keeping the concentration of the active portion of the feed 
acid at the most favourable figure — namely, 98 3 per cent. 

It will be remembered that this is also the concentration of 
that acid which has the highest specific gravity and the highest 
boiling-point (a constant one) of any of the mixtures of sulphuric 
acid and water, and that the vapour consists almost entirely 
of a mixture of water and free trioxide. It is well known also 
that sulphuric acid of 100 per cent, is slightly dissociated even 
at 18° and fumes perceptibly at 30° or 40’. Measurements of 
the vapour pressure of either water or sulphur trioxide at such 
low temperatures have not so far been made on account of the 
minuteness of the quantities to be measured ; but it is never- 
theless very probable that the vapour pressure of trioxide first 
becomes appreciable when the acid is about 98 per cent, in 
strength, and then increases more or less rapidly according to 
the temperature. 

The application of these facts which is usually made is that 
due to Sackur.^ Over acid of less than 98 3 per cent. H<^S04, 
one may suppose that a certain concentration of water vapour 
— however minute — could always be detected by sufficiently 
refined methods, and this water vapour is held to cause 
formation of the /8 modification of the trioxide, which is less 
readily dissolved than the a variety. It is true that the 
solid ^ variety has been observed to dissolve more slowly 
in acid than does the freshly prepared substance, but the 
temperature of absorption is often so high that it is difficult 
to suppose any solid capable of existence. This explanation 
is almost certainly correct in so far as it refers the inferior 
absorption in acid of lower concentration than 98 per cent, 
to the presence of water vapour, but it rests otherwise on very 
uncertain ground, for the polymerism of sulphur trioxide is 
very complex and little understood. 

Sackur’s theory in its original form seems to have arisen 
from an incomplete understanding of the facts.*^ When 

^ Zeit. Elekirochem.^ 1902, 8, 21. 

See Kiister, Zeit Anorg. Chein,^ 1904, 42 , 458. 
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absorption is defective sulphuric acid (or oleum) mist passes 
from the absorbers, and not sulphur trioxide. This mist is 
formed by the reaction of sulphur trioxide and water vapours, 
just as all similar mists are formed. The water may come 
from the absorbing acid, if this acid is too weak, or may be 
due to incomplete drying before conversion, or to the leaking 
in of damp air. Such a mist is absorbed only slowly by acid 
of any strength. This fact is sufficiently difficult to explain, 
but no more so than similar facts in many other instances of 
mist-formation which are known. The peculiar property of 
98 3 per cent, acid is that it has, first — a minimum vapour 
tension of sulphur trioxide and so is able to abstract this 
substance completely from the gas, and second — a minimum 
vapour tension of water, and so causes no mist formation. 

It does not seem by any means certain that under technical 
conditions (where a small amount of water vapour is always 
present before conversion) that the trioxide comes normally 
to the absorbing apparatus in the condition of vapour. It 
may possibly be present, if the temperature is low enough, 
as a fine, colloidal, almost invisible mist of one of the varieties 
of the /3 substance. This “dry,*’ as distinct from the usual 
“ moist,” mist would be absorbed best by the strongest acid.^ 
The subject is a difficult one, about which very little seems 
to be known. 

Depoideuce of Absorption on Vapour Pressure of Oleum . — 
It has been noticed that the rapidity with which sulphur 
trioxide is taken up by acid of about 98 per cent., is dependent 
on the temperature. In a far more general sense the whole 
of the operations of absorption depend closely on temperature, 
for by this factor is determined the vapour pressure of the 
acid and consequently not only the rate at which it can 
absorb trioxide, but also the total amount it can absorb. 
Absorption can go no further when the vapour pressure of 
the trioxide in the oleum equals the partial pressure of the 
trioxide in the gas. Take, for instance, that section of an 
absorption system in which 20 per cent, oleum is circulated. 
Referring to Fig. 5, from which may be read off the partial 
pressures of trioxide in any converted gas which is in 
equilibrium with aqueous oleum, it can be seen that if the 
^ See Remy’s experiments, outlined under “Sulphuric Acid Mist.” 
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temperature is 70'', 20 per cent, oleum can just exist in contact 
with a gas containing about 2-6 per cent, of trioxide. Acid 
of this concentration cannot under any conditions be made 
from a weaker gas unless the temperature is reduced, say to 
50°, when a gas containing i per cent, would suffice, if absorp- 
tion were perfectly efficient. If we fix on a trioxide percentage 
of 6, it is evident that to produce oleum of 45 per cent, the 
absorbing acid must not be above 35° in temperature, whereas 
if it is allowed to rise to 90°, 13 per cent, oleum is the strongest 
that can be made. It is on considerations of this kind that 
the interaction of the various parts of an absorption system 
can be explained and regulated, and the matter will accordingly 
be taken up again in connection with such systems. 

The Thermal Effects of Acid-Mixing and of 
Absorption of Trioxide. 

In connection with the absorption systems of oleum plants, 
it is often useful to possess fairly exact knowledge of the 
heat generated by the combination of the trioxide with the 
absorbing acid. This process is usually carried out in more 
than one stage, and acid may be transferred from one section 
of the apparatus to another in which the concentration of the 
circulating acid is higher. In this case also heat is developed 
to an extent which is dependent on the concentrations of the 
two acids which are mixed. For these reasons, and also in 
order that calculations may be carried out for other purposes, 
it is advisable to have ready means of finding (A) the heat 
development due to mixing two quantities of acid or oleum of 
any two concentrations ; and (B) the heat due to the absorp- 
tion of gaseous sulphur trioxide in acid of any given strength. 
Given acids of two different concentrations — suppose an acid 
of a per cent. H2SO4 and an oleum of b per cent. H2SO4 — 
some arithmetic is first necessary to find first of all either 
the proportion in which they must be mixed to give a final 
acid of c per cent., or the concentration {c) which will result 
by mixing in a given proportion. If, as may often be the 
case, problems of this kind have frequently to be carried out, 
a number at a time, a simple graphical method is of use. Such 
a method is supplied by the chart of Fig. 2. 
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(A) Calculation of the Heat of Mixture. — The most complete 
data are those given by Porter.^ It is convenient, in dealing 
with oleum, to refer the calculations to unit weight of water 
present. The heat evolved (in calories or C.H.U.), when unit 
weight (one gram or pound) of water is mixed with m times its 
weight of trioxide at a temperature will be denoted by k^,. 
It has already been explained how these values of k% can be 
obtained from Knietsch’s figures for the heat of solution of 
oleum (see Heat of Solution of Sulphur Trioxide), and a 
number of equations by means of which, for several ratios of 
trioxide to water, the results can be adjusted for various 
temperatures, have already been given. Below are values at 
selected temperatures, found from the equations mentioned. 
The figures in the first column relate to the concentration 
after mixing the sulphur trioxide and water. 


Heat of Mixture of Sulphur Trioxide {Liquid) 
a 7 id Water (i G*;;/.) 


INir 

Total SO;!. 

~ (Cals. orC.II.U.). 

Dillcrnice 

for 10 . 

0 C. 

50 C. 

100’ c. 

150 ' C. 

VO 

SC 

1176 

1302 

1429 

1556 

25.4 

S5.00 

1206 

1364 

1522 

1680 

31 -^ 

90 00 

1293 

1502 

I7II 

1920 

41.S 

95.00 

1479 

1750 

i 2021 

1 2292 

542 

98.00 

1605 

I9II 

1 2217 

2523 

61.2 


The greater (and more generally useful) part of this table is 
shown in the form of graphs in the lower half of Fig. 59, from 
which the value of kx, for each 25° between 0° and 100° may 
be found at a glance with a precision sufficient for the general 
purposes of design. These figures apply only to oleum. A 
corresponding set is necessary for acid of less than 100 per 
cent. These can be deduced from the various values of the 
heat of dilution of sulphuric acid determined by Pfaundler 
and by Bronsted, combined with the heat of reaction between 
sulphur trioxide and water determined by Thomsen — 

SOg(liq.) + HoO(liq.) = H.^SO.|(liq.) + 2 1.300 cals. 

‘ Trans. Faraday Soc,^ 1917, 18 , 373. 
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A selection of such data is given in the table below : — 
Heat of Mixture of i gm. Water ivitli Trioxide {Liquid), 


Tor cent. 
Total SO 3 . 

Per cent. 
U‘hS 04 . 

o ^ c . 

:!al 8 . or C.ll.l 

50^ C. 

J.). 

100 C. 

Ditterence 
for 10 *. 

50-0 

61.2 

410 

444 

477 

6.7 

55-0 

67.4 

4^3 

524 

564 

8*1 

60 -o 

73-5 

565 

614 

663 

9-8 

70-0 

85.7 

77 ,S 

S51 

924 

14.6 

73-5 

90.0 

872 

955 

1039 

16.7 

74-3 

91-0 

896 

1 982 1 

1069 

17-3 

75-1 

92-0 

919 

' 1009 

1099 

1 8-0 ! 

75-9 

93-0 

944 

1 1038 i 

1 1132 

18.8 j 

76.7 

94-0 

970 

1 1068 

1166 

19.6 

77-6 

1 95-0 

996 

; 1108 

1200 

20.4 

78-4 

, 96.0 

102^ 

, 1 1 29 

1235 

21.1 

79-3 

1 97.0 

1053 

1 1163 

1273 

22.0 

tSo-O 

i 98.0 

1081 

i 1195 

1310 

22-9 

8o-8 

1 99-0 

1113 

1232 

1352 

23-9 

81.63 

I lOO-O 

1 

I 146 

1 1270 

1395 

; 24.9 


These figures are also given in graphical form in the upper half 
of Fig. 59. 

Example i. — To continue the example quoted on p. 43 
in connection with the mixing chart, suppose that 500 lb. of 
30 per cent, oleutn are mixed with 90 per cent, acid to give 
96-7 per cent. acid. What heat will be developed if the mixture 
takes place at 50® ? 

The weight of 90 per cent, acid used will be 500/0-667 = 
750 lb. 

From the tables on pp. 41 and 42 — 

{b) 500 lb. 30 per cent, oleum (87-1 per cent. SO,) contain 65 lb. H.^O. 
{a) 750 „ 90 „ acid (73*5 » ) „ I99 

{c) 1250 „ 96.7 „ „ (78-9 „ ) „ 264 

Finding from the graphs, we calculate in each case the 
heat of formation of the acid from i lb. HgO. The difference 
between the sum of heats of formation of the 500 lbs. of oleum 
and the 750 of 90 per cent, acid, and the heat of formation of 
the 1250 lb. of 96-7 per cent, acid, is the result required, 

(/>) Oleum . .k5„^=i4io. Heat of formation = 65x1410- 91,650 C.II.U. 

(^) 90 per cent, add „ 955. „ „ =i99x 955^=190,520 „ 

(0 Resulting acid ,,=1150. „ „ =264x1150 = 303,600 „ 



kt - C.H.U, OJf CALOR/ES (FOR SULPHURIC ACiD) 


MIXTURE OF SULPHUR TRIOXIDE AND WATER 257 



Fig.. 59. — Heat of Mixture of Sulphur Trioxide and Water. 
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so that the heat of mixture = 21,430 C.H.U., roughly, 
sufficient to raise the temperature of the mixture by about 
49° (taking sp. ht. = 0-35), 

Example 2. — Oleum of 20 per cent, free trioxide is “ broken 
down” with water to 98 per cent. acid. If both acid and 
water are initially at 25°, what will be the temperature of the 
mixture ? 

I lb. 98 per cent, acid (80 per cent. SO3) contains o-8o lb. 
SO3 and 0-20 lb. H^O, and in 20 per cent, oleum (85 3 per cent. 
SO3), o-8o lb. SO3 are associated with 80 x 147 / 85-3 =01 38 lb. 
water. Then, from the data given, 

Oleum. k.25= 1290 C.H.U. 

Heat of formation — 0*138 X 1290=178 C.H.U. 

(r) Add 98 j^>er cent. ko5= 1138 C.H.U. 

Heat of formation = 0*20 x 1138 = 228 C.ll.U. 

SO that the heat of dilution from 85-3 to 80 per cent, total 
SO3 = 228 — 178 = 50 C.H.U. per lb. acid obtained. The specific 
heat of 98 per cent, acid is 0-35, so that the rise in temperature 
will be 50/0-35 = 143'' C. 

(B) Calculation of the Heat of Absorption of Gaseous 
Trioxide, — This class of calculation may be treated in the same 
way if allowance is made for the latent heat of condensation of 
the trioxide (Porter, loc citi). Thus, if the heat evolved during 
the supposed condensation of m gm. of gaseous trioxide into 
I gm. of water at f be denoted by Ht, and /vt has the same 
meaning as before, 

Ht = k^-vmf 

The quantity 4 is the latent heat of vaporisation of sulphur 
trioxide and is about 123 cals, per gram at o'", 1 16 at 50^ and 
1 12 at 100''. (For its derivation see the section on Sulphur 
Trioxide.) 

In the tables which follow, the first column, as before, 
refers to the composition of the mixture produced by the 
supposed addition of trioxide to water. 

The method of using this table is the same as before. 

Examples, — It will be interesting to compare the thermal 
effects of condensing i lb. of trioxide, at 50^", into (3) 4 lb. 
of 100 per cent, acid to give 20 per cent, oleum, and into (4) 
4 lb. of 95 per cent, acid to give 2*5 per cent, oleum. 
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Heat of Condensation of Trioxide 


( Vapour) in 1 1 


lb, \ 

/ 


Water, 


IVr cent. 
Total SO;j. 

Per cent. 
H2SO4, or 
per cent. 
PreoSOs. 

Ht (Cals, or C.H.U.). 

0” C. 

60 * C. 

100' c. 

72.7 

89-0 

1186 

1247 

1318 

73-5 

90.0 

1212 

1276 

1349 

74-3 

91-0 

1251 

1317 

1393 

75-1 

92-0 

1290 

1359 

1437 

75*9 

93-0 

1332 

1404 

1485 

76-7 

94*0 

1375 

1450 

1535 

77-6 

95*0 

1421 

1509 

1586 

78-4 

96.0 

1469 

1548 

1641 

79-2 

97-0 

1520 

1604 

1699 

<So-o 

98-0 

1573 

1659 

1758 

HomS 

99*0 

1631 

1720 

1823 

81-63 

lOO-O 

1^)93 

oc 

1892 

82-0 

1 20 

1736 

i 1830 

2060 

83.0 

7«5 

1783 

1885 

2133 

84-0 

' 13-0 

I <839 

1950 

2211 

85.0 

18-3 

1903 

2023 

2296 

86-0 

23-8 

1982 

2106 

1 2393 

87.0 

i 29.3 

2070 

; 2205 

i 2509 

88-0 

' 34*7 

2170 

i 2311 

i 2633 

89.0 

40.1 

2280 

; 2424 

; 2763 

90-0 

1 45-6 

1 2400 

254S 

2898 







' 


(3) 4 lb. 100 per cent, acid (81-63 per cent. SO3) contain 
4 xo- 1837 = 0-735 lb. water. 

For 100 per cent, acid, 1785. Heat of formation -0-735 17^5 C.H.U. 

For 20 per cent, oleum, H-^ = 2048. Heat of formation =0-735 ><2048 C.H.U. 

The difference between these two quantities is 193 C.H.U. — 
the result required. 

(4) 4 lb. 95 per cent, acid (77*6 per cent. SO3) contain 
4x0-224 = 0-896 lb. H.^O. Addition of i lb. SO. raises the 
SO3 concentration to 82-1 per cent. 

For 95 per cent, acid, H .,„= 1 509. Heat of condensation =0-896 x 1509 = 
1352 C.H.U. 

For the final acid, H.,(,= i836. Heat of condensation =0-896 x 1836 = 
1645 C.H.U. 

and the heat development of the charge is therefore 293 C.H.U. 

These two results are of interest in that they show the 
thermal effect of absorption, above 100 per cent. H0SO4, to be 
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considerable in comparison with efifect below lOO per 
cent, where (for the most part) free water is present. The 
reason is, of course, that the abstraction of the free water 
from the sulphuric acid, with which it is associated in some 
very intimate way, involves a large absorption of heat, by 
which the apparent energy of the chemical combination 
between trioxide and water is reduced. 

Ahsorbers and Adsorption Systems. 

The object of the absorption process being the complete 
removal of the vapour of sulphur trioxide from the converter- 
gas, the means which are available do not differ essentially 
from those used in any other process of gas-washing. 
Absorption may therefore be carried out in (i) surface 
absorbers ; (2) bubbling apparatus in which the gas is forced 
below the surface of the absorbing liquid and allowed to rise 
through it in bubbles ; and (3) packed absorption towers. 
In each case the chemical and physical changes occur mainly, 
at the surface where gas and liquid meet, and the absorbers 
of class (i) are therefore not exceptional, their only difference 
from the others lying in the fact that a plain surface of liquid, 
at rest or in slow motion, is relied on. 

(i) Surface Absorbers . — This type of apparatus was fitted to 
many of the older plants of the Grille type, and is still 
occasionally used. Owing to the comparatively small surface, 
it is generally confined to the first stage of absorption — the 
actual production of oleum. The absorber often consists 
simply of a cylindrical vessel with its axis horizontal, fitted 
with inlet and exit connections for the gas, entirely or mainly 
above the acid level. The acid enters at one end of the 
cylinder and leaves at the other, passing in counter-current 
to the gas stream which is projected against the liquid 
surface by means of baffle-plates. The absorber is cooled 
by running water over it, or sometimes by entire immersion 
in water. This type of apparatus has been fitted to the 
plants built by the Simon-Carves Company in this country, 
at the Dalton Works of the British Dyestuffs Corporation. 

Another instance, illustrated in the sketch of Fig. 60 is 
described by Pascal.^ In this case the steel shell, 1*5 metre 
' Syntheses et Catalyses Industriellesy 1921, ii., 83. 
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in diameter and 5 metres long, is lined with 8 cm. of acid- 
proof brick. In the middle is a 25 cm. wall of volvic stone in 
which are arranged, by the insertion of special stones, twelve 
diamond-shaped perforations through which the gas can pass 



in close contact with the liquid. In the base of the wall is 
a lens-shaped opening of 60 cm. diameter. Acid passes into 
the absorber at one end and out at the other. 

Oleum can be produced in absorbers of this type up to 
45 50 per cent, of free trioxide. 

An absorber in which the gas-space is restricted to bring 
liquid and gas more closely into contact is that illustrated 
in Fig. 61, and described in one of the Herreshof patents. 
(Herreshof and the General Chemical Company, U.S. Ps. 
722981 and 737233 of 1903). It consists of a long cast-iron 
vessel standing in a cooling jacket. The absorbing acid 
enters at one end at the bottom and passes out at the other 
end from the top. The top of the vessel is made in the form 
of a tray, in which cooling water can be contained. 

(2) Bubbliug Absorbers . — This form of apparatus is similar 
in construction to the gas-scrubbers which have been described 
and illustrated. A single absorber usually consists of a 
cylindrical steel vessel with its axis vertical, surrounded 
by a water-jacket. In the vessel is placed a steel or cast- 
iron dome with serrations round the bottom edges or with 
concentric rows of holes below the acid level, or with both 
provisions. The gas is led into the dome and escapes into 
the absorbing acid through the holes or serrations, and is 
thus brought into intimate contact with the acid. Instead 
of a dome a ring-shaped steel pipe has been used, and 
in some cases the cylindrical absorbing vessel has been 

2 li 2 
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placed with its axis horizontal, the gas being led into a 
long perforated steel pipe placed about lo cm. below the 
acid level.^ 

This is undoubtedly a very efficient method of absorption 




but, as in all similar methods of scrubbing, the existence of a 
head of liquid through which the gas must be forced, involves 
the use of additional power. In this case the head is large, 
owing to the high density and viscosity of the acid, and the 
substitution of towers of large capacity (the initial cost of 

^ Pascal, loc, cit. 



SCRUBBRR-TYPE ABSORBERS 


263 


which is high) for the smaller absorbers, is somewhat less 
expensive than it appears at first sight. 

Illustrations of the general outlines of an absorber will be 
found in Fig. 1 14, where the apparatus in use on Tentelew 
plants is represented. The acid enters the absorber at the 
bottom and flows out of it from the top. In an installation 
comprising two absorbers we have, then, sulphuric acid of 
say 90 per cent, entering No. 2, in which, by the addition of 
the last fraction of trioxide from the gas, the contents arc kept 
at nearly 98 per cent. H2SO4. This acid then overflows into 
No. I, in which the contents are constantly kept at the strength 
of 20 per cent, oleum, by the addition of the first fraction 
of trioxide abstracted from the gas. The overflow from 
No. I is the make of 20 per cent, oleum. 

If such apparatus as this is urged to its maximum capacity, 
the cooling becomes a serious problem, for it is obvious that the 
fraction of the trioxide which is retained by the 20 per cent, 
oleum will depend on the vapour tension of the trioxide due to 
that liquid and consequently on the temperature. This point 
will receive more detailed treatment below ; for the present it 
is sufficient to emphasise the necessity of temperature control. 
The external cooling of large ve.ssels is never a very efficient 
process, and for plants of large capacity separate coolers are 
generally preferred. A proposal to increase the cooling 
facilities in an absorber of this type has, however, been 
made (Ilerreshof and the General Chemical Company, 
loc. cit,) in an American patent. The sketch of Fig. 62 
illustrates this. Instead of the bell with serrations there is 
an extension of the bell into an annular plate with numerous 
holes, and above the holes is arranged a special steel coil through 
which cooling water is passed. Cold acid runs in at the bottom 
and passes out from above the bell. The cooling is applied 
just where the heat is generated. 

Plant has also been constructed in which several of these 
absorbers were combined, although it does not appear to be 
in general use. The Tentelew absorbing tower (B. P. 22095 
1907) is shown in Fig. 63 in vertical section, and also half as 
seen externally from the top and half in horizontal section. 
Three or more chambers, are superposed on one 

another. Each contains a specially shaped gas-entrance 
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pipe surmounted by a dish c, which is tightly connected 
with the sides of the chambers, and provided with a perforated 
margin, d. The gas is thus compelled to spread equally over 
the horizontal section of the tower. Fig. 63 shows the 
“ staggered '' arrangement of the holes, which causes a 
very intimate contact between the gas and the liquid, so 
that the gas bubbles are prevented from flowing together and 


GAS 



coalescing. This produces very good absorption., and is said 
to allow of the head of liquid being decreased. Each chamber 
is surrounded by a cooling jacket, and the cooling is promoted 
by arranging the perforated zone of the bell at such an angle 
to the sides of the chamber that the liquid is thrown outwards 
against the cool walls in the direction of the arrows. In the 
top-chamber, the pipe b projects higher up from the liquid 
than in the lower chambers, so as to facilitate the absorption 
of the last portions of the gas. The finer the holes, the better 
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is the division of the gases, and the quicker the absorption. 
The total clear space of the holes is best made equal to that of 
the exit opening of the pipes b. The sulphuric acid, serving for 
absorbing the gas, is either introduced near the top at f and 
flows through all the chambers by means of the connecting 
pipes g, ultimately running-out at //, or each chamber is 
provided with a separate inlet and outlet for 
the acid. As single absorbers often have to be 
cooled not only at the sides but at top and 
bottom as well, the efficient cooling of such 
plant as this cannot be easy. Although the 
arrangement is compact, the sections are not 
independent, so that repair, rearrangement 
of operation, and alteration of connections, 
would be simpler with separate sections. 

Another proposal (vom Ilofe, Ger. P. 
166599) may be noted here, for although 
the use of packed absorbing sections is 
mentioned in it, the sections are super- 
posed one on another. Each compartment 
is divided by an internal plate, in such a 
way that one side forms a cooling chamber 
with a stepped bottom and a cooling coil, 
and the other an absorbing chamber. The 
general arrangement is shown in I^"ig. 64. 
The acid enters at the top and passes over 
the cooling-coils and packing alternately. 
The objection in point of complication 
l iG. 64. would seem to apply to this in double 

measure. 

(3) Packed Absorption Toivcrs . — Absorption towers are 
usually constructed with a shell of steel, but sometimes the 
shell is cast-iron. It is usual and preferable to line them 
with acid-resisting brick set in a suitable cement, for not 
only does this lengthen the life of the tower but the 
troubles due to formation of sludge — blocking of the tower and 
contamination of the acid — are made very much less. A good 
example of this construction may be seen in Fig. 93, p. 314, 
which represents the type of tower used in H.M. I'actories 
during the War, as well as in many others now running. The 
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steel shell of the tower (about 24 ft. high by 6 ft. diameter) is 
closed at the top with a flat steel cover. The acid is pumped 
into the tower through a sight-box and passes to the packing 
by way of a cast-iron distributing plate. 

The packing consists of graded quartz about 4 or 6 in. long. 
Granite is sometimes used, but is inferior on account of its slight 
tendency to be corroded and to give rise to sludge. The weight 
of the packing, and of the iron grid in which it rests, is borne on 
a central cast-iron pillar, the base of which rests on the bottom 
of the saucer. 

The gas is generally passed in at the bottom of the tower 
and out at the top, so that its direction is opposite to that of 
the acid. This is considered to be the proper way, although it 
involves long and rather cumbrous gas connections from the 
top of one tower to the bottom of the next. In some cases 
where the load on the plant is only moderate — as in the usual 
Mannheim installation, shorter connections — from top to top 
and from bottom to bottom — have been fitted without causing 
any notable difference in the result. 

Efficient absorption in such large towers as this is largely 
dependent on maintaining a constant stream of acid over 
every part of the quartz, especially when the plant is carrying 
a heavy load. Rarely, if ever, is the acid simply run once 
through the tower and then removed from the system, as with 
the two previous types of absorber, although in some plants 
in this country at least, the experiment has been successfully 
made. For each tower or pair of towers a tank is provided, 
and the acid is thrown up from this tank to the sight-box of 
the tower by a pump and then returns to the tank, usually 
through a cooler in which the heat of absorption is removed. 
From this .system a smaller amount of acid is continuously 
removed, fresh acid entering to take its place. To obtain the 
maximum work, for instance, from towers of the size given, 
a feed of 10 tons of acid per hour to each tower is by no means 
excessive. The weight of sulphur trioxide absorbed in a 
single tower in the same time can hardly exceed 0 25 ton, so 
that the acid removed from the system will be in any case 
very much less than the feed. 

American practice appears to be different. In some plants 
the gas is passed through a number of towers arranged in 
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series, each at a higher level than the next. The absorbing 
acid passes down each tower in succession and is removed as 
oleum from the last. The strength of the oleum made is 
regulated by the amount of the acid supplied. Such towers 
may be of 15 in. to 30 in. inside diameter and 10 ft. to 25 ft. 



Fig. 65. — Packed Absorberb — American Practice. 


high, and may be constructed with steel shells and cast-iron 
bases and tops. The shell is lined with cast-iron liner-rings 
or sections, the narrow space between shell and rings being 
filled with an acid-proof cement which hardens in use. A 
tower of this kind is shown in Fig. 65 (a), but the lining in this 
case is acid-proof brick.^ In the figure, C is this lining, the 
acid-feed pipe and the lower ring and grid (a) are tantiron. 
[/.S, Dept, of Int^ 1920, 184 , 189. 


1 
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The upper packing (d) is 3-in. quartz, and the lower packing 
4-in. quartz. In Fig. 33 is shown a battery of three such 
towers in an American installation built on the lines of the 


Badische plant. Fig. 65 {b) 
shows a somewhat similar 
tower, so built that the 
whole external surface can 
be cooled by water.' The 
radius of the cylindrical 
body must not exceed 7 in. 
For each cubic inch of effec- 
tive space there should be 
J sq. in. of external cooling 
area. From these dimensions, 
adherence to which is stated 
to be of great importance, it 
follows that the height of the 
tower equals eleven times its 
diameter. The packing con- 
sists of quartz pebbles. 

Instead of these towers 
being arranged in series, 
several may be supplied with 
gas by parallel pipes from a 
common header. The volume 
of gas entering each tower is 
regulated by a valve. Which- 
ever system be adopted the 
gases leaving the towers 
must be passed to other 
absorption apparatus for the 
abstraction of the trioxide 
they still contain. 

The final absorber is often 
of the type shown in Fig. 66. 
This is of cast-iron. The gas 
angle to prevent acid flowing 



Fig. 66. — Final Absorber — American 
Practice. 


-inlet at the bottom is set at an 
into the pipe. The gas-outlet is 


either at the top or at the side close to the top. There is a 


grid of cast-iron set in the bottom saucer, and on this is 


* Briggs and Merriam, U.S. Ps. 101368 and 1083012. 
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placed a packing of quartz pebbles or specially nnade acid- 
proof material, to a depth of several feet. In the sketch g is 
fine quartz, //, 3>in., and /, 6-in. quartz. The acid is run into 
a distributing pan e, set in a flange in the top ring, and runs 
down through a number of porcelain tubes /, which are 
cemented into the plate at their upper ends. These tubes 
are from } to | in. in bore and extend to below the top of 
the packing. Glass panes (^/) allow of inspection and of 
opening for cleaning out the tubes. 

This pattern of tower is often used, not only for final 
absorption, but also for drying the gas before conversion, 
and two towers having these separate functions are often fed 
with acid by a pump drawing from a single tank.^ 

From packed absorption towers, as also from other types of 
final absorbers, acid spray is liable to be carried away and to 
cause nuisance and loss. This has been overcome by a variety 
of devices. Spray-catching chambers constituting simply an 
enlargement of part of the outlet pipe have been used, and the 
design of the centrifugal steam and water separator has been 
copied. It would probably be advisable to set the distributing 
plate of the last of a series of towers lower down in the tower 
than usual, and so leave a space above through which the gas 
ascended with reduced velocity. The Cottrell apparatus is also 
working in the United States for the collection of the mist and 
acid particles which the absorbers fail to retain. It should be 
remarked, however, that a well-designed absorption system 
leaves little to collect, of either mist or spray. 

Arrangement of Absorbers . — The number of the absorbers 
that are required and the method of connecting them depend 
on the size of the plant, the nature of the acid being made, 
the efficiency of the coolers, and the strength of the feed. If 
20 per cent, oleum is to be produced, as we shall very generally 
assume, the feed may be water, dilute acid from the drying 
towers or from external sources, or acid recovered from the waste 
acid of nitration processes and reconcentrated by evaporation 
to 94 per cent., or to some other figure decided on to suit the 
economy of the works of which the sulphuric acid plant is a 
constituent part. 

Since 20 per cent, oleum can be made by one passage of 
* U.S. Dept, of I ni.^ Bull.^ 1920, 184 , 164. 
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the converted gas through or over acid of very nearly this 
strength, and since the remaining trioxide can be absorbed 
by passing it once (or perhaps twice) through or over sulphuric 
acid of nearly 98 per cent., there is no need for the acid in any 
tank in the absorption system, or in a pump or connecting 
pipe, to depart very much from one or the other of these two 
concentrations. The presence of intermediate strengths of 
weak oleum is to be avoided not only on the grounds of 
simplicity, but also because the corrosion of iron and steel is 
increased as the concentration of 98 per cent. is exceeded, 

and reaches a maximum with about 10 per cent, of free SO3. 



Fk;. 67. — Abborption Syblcin for making 20 per cent. Oleum — Three Different 

Circulating Acids. 


In many systems, however, this principle has not been 
adopted. Suppose, for instance, that there are three towers 
through which the gas is passed in succession, and that acid 
from three tanks is circulated round the towers. If 94 per 
cent, acid is fed in and oleum removed, the state of affairs 
will be that shown above. 

The 94 per cent, acid enters tank No. 3 in quantity sufficient 
to prevent the absorption in tower No. 3 from strengthening 
the acid to more than 98 per cent. Cj, Co are coolers. By 
means of the connections O^, O.2, acid is constantly overflowing 
from one tank to the next. As a matter of fact, with these 
arrangements it is by no means an easy matter in many cases to 
secure that 98 per cent, acid is present in tank No. 3 and 20 per 
cent, oleum in No. i at the same time; but if they are, No. 2 
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tank contains an acid which is neither, and depends in strength 
on the fractions of total absorption which occur in all three 
towers as well as on other factors. 

Suppose, now, that the middle tank and pump be removed, 
and the last two towers connected to the third tank. A more 
rational arrangement at once results. 


I 

I 

I 



Fig. 68. — Absorption System fur makinj^ 20 per cent. Oleum — Improved Type 
with Two Circulating Acids. 


Two kinds of acid only are in use, and the system can 
readily be considered in two parts, the “ oleum section ” 
and the “98 per cent, acid section.” Experience with this 
arrangement on large plants shows that it is advantageous to 
construct in steel the connecting pipes and the large coolers 
which are necessary for heavy loads, in the first section, and 
to use cast-iron for the corresponding parts of the second (or 
98 per cent, acid) section. Cast-iron cannot be used for 
oleum without cracking, but resists concentrated acid, if the 
temperature is not too high, better than does steel. 

This system deserves more detailed consideration. We 
may replace the towers by other absorbers, or dispense with 
the circulating pumps — as when using the Tentelew apparatus 
or surface absorbers — without essential alteration, although 
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the possibility of modification may be very much diminished 
by substituting other plant We may suppose that 90 
per cent, acid is being used as feed. From the table on 
p. 276 can be found at once the amount of feed of any 
strength above 85 per cent, which is required to absorb 
I ton of trioxide, and to produce either 98 per cent, acid 
or 20 per cent, oleum. Considering first the 98 per cent 
acid section, it is seen that 3 06 tons of feed acid are required 
and the result is 4-06 tons of 98 per cent. acid. As regards 
the oleum section 2*77 parts of this acid absorb i ton of 
trioxide, or 4 06 tons absorb 1*47 tons. Of all the trioxide 
absorbed, therefore, 40 per cent is retained by the 98 per 
cent acid and 60 per cent by the oleum. This percentage 
of absorption in the first tower of a series — of about 60 — 
is a very usual one ; but it may be exceeded with ease, if 
the temperature in the tower is low enough and the acid feed 
is sufficient. On the other hand, with acid which is too hot 
or insufficient in amount, it may not be reached. In either 
case the balance of the two systems is then upset, and either, 
in the first case, the oleum in No. i tank becomes too strong 
when the feed is regulated to keep No. 2 at the right strength, 
or, in the second, so much 98 per cent, acid has to be made in 
No. 2 that it cannot be sufficiently concentrated in No. i. If 
the conditions are such that the absorption is divided between 
the two sections in the right ratio to begin with, the plant 
may run well, but the problem of securing a balance of the 
two sections is in general a trouble. 

Several modifications can be, and often have been, intro- 
duced to give a greater facility of adjustment There can 
be little doubt that the simplest would be to control the 
temperature, and therefore the absorption, in each section 
separately, in accordance with the argument of pp. 277-279. 
The usual cooling arrangements, however, have not permitted 
this control. Another way is to divide the entering stream of 
feed into two parts, and to add one to each system. The over- 
flow from No. 2 to No. i tank proceeds as usual. This works well, 
and when constant conditions have been established goes on with- 
out attention, particularly if some form of meter is employed to 
fix the rate of flow in each case. Such a meter may be of the 
notched weir type, or may consist of a rectangular box divided 
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into two by a diaphragm perforated with holes. Fig. 69 
illustrates a meter of this latter kind. The feed is run into one 
side of the steel box and finds its way into the other, from which 
it is run off for use, by means of the holes in the diagonal plate. 
The flow may be fixed by adjusting the supply valve until any 
desired number of jets are issuing from the holes. 



Fig. 69. — Fcccl-Box for Arid. 

Another method of assisting the balance of the sections is 
to provide for transfer of acid from No. i to No. 2. Usually 
the acid in No. 2 requires reinforcing, and this has often been 
done by connecting the rising main of the pump on the No. i 
side to the tank on the No. 2 side. Such a connection is 
indicated in Fig. 68 by the dotted line. This procedure can 
be made to go well, but the regulation of a stream of oleum is 
less simple than that of a stream of feed acid or water, and the 
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volume of the stream is very much greater. The first method 
IS therefore preferable. It should be noted that if the adjust- 
ment required were in the other direction, if the absorption 
in No. 2 section were too complete, that in No. i being too low, 
this method of acid transfer could not be employed. In this 
event either more dilute feed acid would have to be used, or 



Fig. 70. — Absorption System for rnnkint; 20 per cent. Oleum — Second 
Improved Type, 

the proportion of absorption changed by altering the tempeia- 
tures in, or the respective rates of feed to, the towers. But since 
the proportion of the trioxide absorbed in No. i tower can 
readily be maintained at 60 to 70 per cent., difficulty under 
this head does not usually arise.^ 

* A slight variation in operation, when no by-pass is fitted, may lead 
approximately to the same result. In the event of absorption in the oleum 
section being too high. No. 2 acid can often be strengthened by closing 
the run-off from No. i intermittently, the feed to No. 2 being continuous. 
In this way 20 per cent, oleum has been made from a single water feed in 
a system similar to Fig. 68 , without any by-pass. Cutting down the feed 
to No. I tower has the same effect, more trioxide passes on to where it 
is required. 
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Whichever method is adopted, the points at which the 
streams are to be mixed require consideration. If feed acid is 
to be added tg oleum, for instance, it is clearly undesirable that 
the mixture, which gives rise to great heat development, should 
take place in the tank from which the acid flows to the pumps 
and towers, for both the life of the pumps and the completeness 
of the absorption may be influenced adversely. The proper 
place for mixture is just before the cooler, and if this principle 
is to be applied comprehensively, the overflow from the No. 2 
tank must also be delivered at the same point. The resulting 
arrangement is represented by Fig. 70. 

The provision for the overflow to run to the mixing 
aperture has not been made, so far as is known, in any of the 
plants on which the other modifications have been introduced, 
for it would involve placing the No. 2 tank and its connected 
apparatus at a higher level than No. i. A connection from the 
rising main of No, 2 pump to the mixing junction would serve 
the same purpose, but the transfer would no longer be an 
automatic one. 


Feed Aeid Table. 



Tons Feed required for 1 ton SO-.j, Product being j 

Fofid. 

1)8 0 per cent. 

98 ‘5 per cent. 

20 per cent. 

22 per cent. 



H.2SO4. 

Oleum. 

Oleum. 

WalfT, 

0-2500. 

0-2436. 

0-1722. 

0-1072. 

Sulphuric 
Aci<i, per 
cent. H 2 SO 4 . 

85.0 

1.89 

1-78 

0*92 

0*88 

86.0 

2.04 

1-92 

0-97 

0-93 

87.0 

2.23 

2-09 

1-03 

0-98 

88.0 

2.45 

2-28 

1-09 

1-03 

89.0 

2-72 

2-53 

1-16 

1*10 

90.0 

3 -06 

2.82 

1.24 

1*17 

91.0 

3-50 

3-20 

1-33 

1.26 

92.0 

4.08 

3-69 

1.44 

1*36 

93-0 

4.90 

4*36 

1 i'57 

1.47 

94.0 

6-12 

5*33 

1.71 

1.60 

1 95-0 

8-16 

6-85 

1*89 

1*76 

96-0 

12-25 

9.60 

2. II 

1.96 

97.0 

24.50 

16*00 

2.40 

2.20 

98.0 


... 

2*77 

i 2.52 

98-5 


... 

3.00 

2.72 
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The Application of Vapour Pressure Data to CoyitroL — The 
description which has been given of absorption arrangements 
which have been or might be adopted, has assumed no more 
technical data than have hitherto been available. The key 
to the scientific analysis of the absorption problem is a 
knowledge of the vapour pressures of oleums of various con- 
centrations, at various temperatures. Knietsch’s figures 
are useless for this purpose. The recent data of M ‘David 
are now available, and it is by the same author that the 
method of applying them to absorption problems has been 
indicated. The examples quoted are given by him.^ 

It is necessary to assume that the concentration of the acid 
in any absorber is the same throughout the vessel, and the 
same as that of the acid flowing out. In a well-designed 
system this may be taken to be correct, even for one of the 
tower type, if the rate of circulation is great in comparison 
with the rate of “ forwarding.” The usual assumption that 
the gas leaving each absorption vessel is in equilibrium wdth 
the acid in that vessel, in regard to trioxide, can readily be 
accepted. In the case of a tower it will be advisable to 
regard the temperature in the region of the gas-outlet as the 
equilibrium temperature. Further, in order to apply the 
results to practical work, a certain control of temperature in 
each absorption vessel separately must be made possible. 
Facilities for this have been insufficient in many cases in the 
past, and good results have been due more to good luck than 
foresight. 

Suppose now that in a three-vessel system similar to that 
of Fig. 67 it is required to make 25 per cent, oleum from 
a gas containing 7 per cent, of trioxide and feed acid of 
95 per cent. The production of trioxide is 10 tons per 
diem. It is convenient to begin the calculation with the 
last absorber, in which the acid must be kept at about 98-5 
per cent. 

Calculation shows that to produce 25 per cent, oleum from 
10 tons of trioxide 15-89 tons of 95 per cent, acid are required. 
Further, to raise the concentration of the feed acid from 95 
to the required 98-5 per cent. HoSO^, 2-32 tons of trioxide are 
required. Since absorption is complete in the third vessel, 
^ y. Soc, Chem, Ind,^ 1924, 43 , 57. 


2 C 2 
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no trioxide leaves it in the gas. If then we equate inlet and 
outlet for this vessel, we have : — 

Total Tons 

Acid entering 3rd vessel . . . 15-89 

Trioxide entering 3rd vessel . . 2*32 

Acid leaving 3rd vessel . . . 18-21 

The total make of 10 tons of trioxide is conveyed in a gas 
which contains it to the extent of 7 0 per cent, by volume. 
Neglecting small changes in total volume due to absorption, 
the 2-32 tons absorbed in absorber 3 is therefore equivalent 
to 2-32/10x7 per cent., or 1-62 per cent, by volume. This 
percentage is equivalent, as can be seen from Fig. 5, to a 
vapour pressure of 12-3 mm. of mercury, and this must be 
the vapour pressure of the acid in the second vessel, in 
accordance with the assumption made initially. The concen- 
tration of the acid in the second vessel, its vapour pressure 
being fixed, will depend on the temperature and, as will 
appear more clearly when the problem is worked out, we 
may in this case assume any value that is advisable for the 
temperature. Let this be 65^ Then, from Fig. 5, it appears 
that the acid must be ig per cent, oleum (85-1 per cent, total 
trioxide) for this is the acid which at 65^ exerts a pressure 
of 12-3 mm. 

To convert the 18-21 tons of 98*5 per cent, acid entering 
the second vessel into 19 per cent, oleum, 5-59 tons of trioxide 
are required. A total of 23-8 tons of 19 per cent, oleum thus 
flows from the second vessel to the first. Equating inlet and 
outlet in the second vessel, we have ag 

Tut.il Tuns 

Acid leaving 2nd vessel . . . 23-80 

Trioxide leaving 2nd vessel . . 2-32 

26-12 

Acid entering 2nd vessel . . 18-21 

Trioxide entering 2nd vessel ~ 7-91 


Tun.s SO 

Tuns lI.jO. 

20-24 

3-56 

2- 32 

... 

22-56 

3-56 

14-65 

3-56 

7-91 

... 


Tons SU;{. 

Tons H.jO. 

12-33 

3-56 

2-32 

... 

yr\ 

0 

3-56 


This amount of 7-91 tons is equivalent to 5*54 per cent, by 
volume, or to 42-1 mm. of mercury. By reference to Fig. 5 
it is found that 25 per cent, oleum has this vapour pressure 
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at 70- 5°, which must therefore be the temperature of absorption 
in the first vessel. 

By assuming other temperatures for the second vessel any 
number of solutions of this problem can be obtained. If, 
however, we are using a two-vessel system, the advantage 
of which has been pointed out, there is only one temperature 
for the vessel containing the 25 per cent, oleum, which will 
satisfy the conditions. The balance which was struck for the 
third vessel now applies to the second. There are 2*32 tons 
of trioxide passing from the first absorber to the second, 
equivalent as before to a partial pressure of 12-3 mm., but 
in this case this partial pressure is to be equal to the vapour 
pressure of 25 per cent, oleum, which, as may be seen from 
the graphs, must therefore be kept at a temperature of 50°. 
Hence, if the strength of the feed acid and the strength of 
the oleum to be made are fixed, the temperature in the first 
(or “oleum*’) absorber must have a certain fixed value, or 
the system will become out of balance, and the desired result 
will be missed. It should be noted that the solution is not 
affected by varying the temperature in the second (or “98 per 
cent, acid ”) absorber, so long as the acid in it is capable of 
absorbing completely the trioxide passed into it. 

It will be found that the weaker the feed acid the higher 
is the temperature at which the first absorber must be 
worked. A calculation similar to those already given shows 
that in the extreme case — when water feed to the second 
absorber is used, 20 per cent, oleum can be made only if 
the first vessel is at 75^ 

A practical instance is given in the paper quoted, in which 
the data derived by the method w^ere compared with these 
observed. In a three-vessel system 20 per cent, oleum (85-27 
per cent, trioxide) was being made from 95 per cent, acid 
(77-66 per cent, trioxide) and a converter gas of 6 7 per cent. 
Observed and calculated data for the second and third 
absorbers are given below : — 

Found. 

•2iul Srtl Exit . 

AbsorWr. 

Per cent. SO3 in gas entering 2-18 0*15 0-07 

Per cent, total SO3 in acid . 8i-2 77*6 

Temperature . .710 63-5 


Calculated. 


2ncl 

Absorber. 

8r.l 

Exit- 

2-76 

O-II 

Nil 

81-68 

77-90 

... 
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Water Feed , — When a plant is required to make either 
strong acid or oleum without addition of any other acid — 
in the case, for instance, of a unit producing 98 per cent, acid 

for the drying towers of the whole 
plant, it is necessary to work with a 
/ \\ water feed. If the process is being 

Mf ’'I PLAN t iWil not so much to concen- 

y \ liJnzzU trate acid which is already to hand, 

\ / / as to produce acid directly, a water 

feed may also be necessary. The 

water may often be replaced to a 

greater or less extent by the weak 
acid produced by the scrubbers and 
^ driers of the plant, and in some 

( ^ climates the water obtained in this 

. — .. — way may be entirely sufficient. The 

employment of water or dilute acid 

^ gives rise to certain difficulties which 
3 : I are not felt when acid of 85 per cent. 

or more is used. The weight of 
^ acid passing through the absorption 

^ system is much less, so that the 

IL,-Tu|A heating is much more considerable. 

■::?f U H: \\ This effect can be lessened only 

^ — Ln — J by applying suitable cooling. There 

^ ~TT is also a certain difficulty — most 

^ I appreciable in the case of water — 

: of securing constancy of the com- 

j \\_ paratively small stream of feed, and 
/ I \ overcome this it has been found 

^ / advantageous to apply some form 

of meter to the stream, or to both 

Fig. 71.— Water Meter. streams if two are running, one to 
each section of the absorption plant. 
A simple form of meter is shown in Fig. 71. It is made of a 
piece of 6-in. steel pipe and may be from 2 to 3 ft. high. By 
means of an overflow, a constant level of water is maintained 
in the pipe, and the water required is drawn off by means of a 
rubber tube and carried to a metal jet which is fixed in a 
block and can be moved up and down In front of a graduated 


Fig. 71. — Water Meter. 
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scale, by a screw. The jet is calibrated by weighing the water 
run out at several different heads, and a smooth curve drawn 
through the plotted results. Once set, such a meter works 
uninterruptedly and requires no attention, so long as the 
production of the plant remains the same. 

The stream of water is run into the acid just before the 
entrance to the cooler. If a glass tube is fitted so that the 
lower end dips well under the moving stream, and a sufficient 
head is allowed above to prevent the water being blown out 
by the steam generated momentarily, the dilution gives very 
little trouble, even with oleum. It is advisable to make the 
T-piece where the mixing is performed, and the succeeding 
length of pipe, of some acid-resisting iron, for the mixing is 
not immediate, and requires a certain length of pipe for 
completion. This method is also very suitable for the dilution 
(“ breaking down ”) of oleum. 

Making 98 per cent. Acid , — The connections already shown 
can readily be adopted for this purpose. The two reservoirs 
are united, and the acid from one of them is thrown up to all 
three towers. The feed is added before the single cooler, and 
the general arrangement becomes something like the following. 



Fig. 72. — Absorption System for making 98 i'>er cent. Acid. 


Acid Coolers . — The acid coolers have to remove the heat of 
reaction, and also any heat which may be given to the acid by 
the incoming gas. This latter quantity should be small. Many 
types of acid cooler are in use. In the large plants of H.M. 
Factories (to which the foregoing remarks are more immediately 
applicable), the coolers were made in the form of continuous 




Fig. 73. — Double-Surface Acid Coolers. 


5- in. steel pipe was used and for the 98 per cent, acid sections 

6- in. cast-iron pipe. In one unit making oleum there were up 
to $00 linear ft. of steel pipe with a superficial area of 800 sq. ft., 
and up to 800 linear ft. of cast-iron pipe with an area of about 
1650 sq. ft. The absorptive capacity of the unit was from 
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25 to 30 tons of trioxide per day. With these dimensions the 
coolers could be relied on to abstract from the acid about 400 
C.H.U. per square foot of area per hour. Further details of 
these coolers will be found in Chapter VIII. 

In smaller plants cooling is often carried out simply by 
jacketing the absorption reservoirs. Double surface pipe- 
coolers are also in use. Fig. 73 illustrates a set of these. 
A number are connected in parallel to the acid run-off from 
the absorption tower. They are built up for the most part 
of standard steel or cast-iron 
pipe and fittings. The inlet is 
shown by a, the exit by b, c 
is a I -in. pipe carrying the 
water to the bottom of the 
internal cooling pipe, g is a 
standard 2-in. bend, and /and 
i are standard 6-in. X -pieces.^ 

Coolers have also been made 
in the form shown in Fig. 74. 

Pumps for Circulation and 
Transfer of Acid. — Oleum 
and concentrated acid are 
often circulated between the 
tanks and absorption towers 
by cast - iron centrifugal 
pumps, coupled directly to 

motors on the same base- ^ ^ , 

Fig. 74-— Acid Cooler. 

plate. The pumps can be of 

quite simple design. An example is shown in Fig. 75 which, 
coupled to a 4 h.p. motor, and running at 1400 to 1500 r.p.m. 
will elevate each hour about 12 tons of 20 per cent oleum to a 
height of 40 ft. The impeller is 8 in. in diameter. The gland 
is made in the form shown on the right, with a hollow box and 
a short bent pipe pointing downwards, by which any leakage 
may be led away to drain. A jet of water is sometimes directed 
on to the top of this gland-box. Another design is that of the 
Rees-Roturbo pump shown in Fig. 76. 

The principal point of trouble with these pumps is the 
packing. Good results arc obtained by using white asbestos 
^ U.S. Dept, of In JJutt.j 1920 , 184, 18 S. 
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cord which has been heated in mineral jelly for twenty-four 


hours. A mixture of nearly the same composition as the 
“ rubber-grease ” of the laboratory and consisting of raw 
crepe rubber, vaseline, and paraffin wax, heated and well 



mixed, has been used 
very successfully to im- 
pregnate blue asbestos 
cord for the same pur- 
pose. Nevertheless the 
packing of circulation 
pumps in an absorption 
house is always liable to 




jiriznnr y 

f p- — cause loss of time and 

^ interruption of working. 

/ \ ^j I tm rrh ovcrcome this 

[ 7 difficulty several modi- 

\ In rm n-n— nr-rH fications have been tried. 

\ apparently 

O not used to any con- 

siderable extent, is to 

^ A 1 n divide the stream of acid 

I^IG. 7$. — 8 in. C.T. Centrifugal Acid Pumj). 

entering the pump into 
two, one on each side of the impeller ; both sides of the 
impeller, and consequently the gland, are then under suction 
when the pump is working. So far as pumps attached to 
circulation tanks are concerned, it is far the best to dispense 
with the gland altogether. 

This is done in the design of Fig. 77, which represents the 
pump used in the absorption houses of the D.E.S. Grillo plants. 
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The delivery is 2 in., the impeller lo in. wide. The suction 
is on the under-side, and in the actual suction-inlet is a bearing 
for the shaft which runs inside the vertical hollow cast-iron pillar. 
This pillar is prolonged above the level of the acid in the tank, so 
that there is no outlet except through the delivery pipe, and 
no gland to pack. The bracket bolted to the head of the pillar 
carries a thrust-bearing and below this a ball-bearing. The 
drive is from a motor through a quarter-twist belt. These 
pumps were capable of throwing about 25 tons of acid per hour 
to a height of 30 ft., and were very regular in running. 



76. 


A similar pump, of somewhat different design, is made by 
the Rees-Roturbo Company, and is shown in Fig. 78. 

Cooling the Gas before Absorption . — The first stage of this 
operation is usually carried out as a process of regeneration, by 
which the gas entering the converter undergoes part or all of 
its heating. In this way the temperature of the converted gas is 
reduced to say, from 200° or 250^ The remaining heat is ab- 
stracted as far as is necessary by passage through coolers built 
up of pipe sections. The Mannheim plant is an exception, for here 
a cylindrical steel cylinder is in use. Such pipe sections are usually 
cooled by air-circulation. With a heavy load the assistance 
of water may be necessary, but it is found that the sudden fall of 
temperature due to running cold water is apt to cause some change 
to occur in the gas, so that absorption becomes imperfect and 
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unabsorbed mist passes 
away from the absorption 
towers, which before the 
change were working nor- 
mally. It is therefore 


advisable to use a water- 



Fig. 77* — Glandless Centrifugal Pump, 



Fig. 78 . — Glandless Centrifugal 
Pump. 


spray if water is to be 
applied at all. 

The temperature at 
which the gas leaves the 
cooler and enters the ab- 
sorber is important in its 
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relation to the whole process of absorption. From 50'’ to 70° is 
generally preferred, and the temperature might even exceed 
this somewhat without harm being 
done, if it were not that the resulting 
hot circulating acid becomes rapidly 

less capable of absorption as the I* 

temperature rises, and much more \ W , 9 o 2 o 9 /llM 

corrosive. Care is always taken not — 

to go below the lower limit, for at 30° 

or even higher, condensation of solid •j ^ 

material is apt to occur in the pipes '.i ^ V. 

and block them up. This trouble L_ 

Ti . 1 — W vri m 

may readily arise on a plant which , 

runs on a varying load. One day , ! 

the cooler is hardly large enough ; ' j 

on another it is too cold and may ' 

even have to be warmed. ' | 

The cooler may consist of batteries i ! i I 

of 6-in. steel pipes set horizontally, as ' ' i I 

in the Ministry plants, or of a bundle | 
of pipes set vertically, and connected | 
to the tube plates of two short headers, j 
as in the Tentelew and other plants. 

For a plant producing about 12 tons ^ 

of trioxide per day, there may be I 

from fifty to sixty 2-in. steel tubes I 

each about 12 ft, long. A very I 

similar construction adapted to the ^ ~ H H 

Mannheim Process, with the addition | L 

of a larger bottom header to allow | shell of 

of a cleaning door, is shown in the J ’ 4 . steel 

gas-cooler of Fig. 79. The headers plate^ 

of tubular coolers are sometimes I ^ ^ 

extended to form an envelope en- joSiet ^ 

closing the bundle of pipes, the acid j ^ 

gas then passing round the pipes ± _ V- / 

instead of inside them. This allows 70-— C'onverier-Gas Cooler. 

air to be drawn through by means 4-jn. in^e ; si-m. pudi.) 

of a chimney, and the cooling effect made more or less intense 

at will (see Fig. 34). Another type of cooler used on the 


SHELL OF 
'4.' STE E L 


Fig. 79.— Converter-Gas Cooler. 
(Tiil>c?, 4-in. I'ore ; 5j-in. [nu h.) 
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Mannheim plant for cooling not only the converter-gas but the 
burner-gas also, is shown in Fig. 8o. It consists of a simple 
cylindrical steel shell standing on a cast-iron saucer. Four 
baffle-discs are fixed in the shell at equal intervals apart, so 
that the gas passing upwards is thrown against the wall, down 
the outside of which water trickles from the serrated edge of 
the cup sunk in the top. 

Another method of cooling the converter-gas and utilising 
at the same time some of the heat carried by it, has been put 



Fig. 8o. 


in operation (British Dyestuffs Corporation and Davidson, 
B. P. 132923 of 1918). The hot gas is passed round the 
coils of a heat-exchanger through which oleum of 20 to 40 
per cent, is run. The sulphur trioxide vapour which is given 
off is passed into an expansion chamber and then into a 
jacketed absorber containing oleum of the same strength as 
that mentioned (the product of the absorption system of the 
plant). In this way a concentration of 80 per cent, of free 
trioxide can be reached. The acid flowing from the coils can 
be used in the plant as feed. 



CHAPTER VIII 


GRILLO PLANTS 

The Grille methods of sulphuric acid manufacture had their 
origin, as has already been related in Chapter I., in the 
endeavours of Schroder and the Aktiengescllschaft fiir 
Zinkindustrie vor)}ials JV, Grillo, first of all to utilise liquid 
sulphur dioxide made by the process of Planisch and Schroder 
and later (after 1897), to treat the gas from the zinc-roasting 
furnaces directly. It is interesting to recall that at this date 
the experiments of the larger firms must have been nearing 
completion, if they had not actually reached it. 

The patents taken out by Schroder and Grillo have been 
referred to in the appropriate places. The one distinguishing 
feature of the system is the use of magnesium sulphate as 
catalyst-carrier. The methods of purifying the burner-gas 
involve no operation of outstanding efficacy, their main feature 
being intensive filtration through fine coke. Scrubbing with 
sulphuric acid is carried out in packed towers designed for this 
purpose, or for drying in addition. Thorough washing with 
water or alkaline solution is not used. For these reasons the 
purification of gas from pyrites-burners has been, in most plants 
on the Grillo system, an imperfect one, and in some has failed 
altogether. That this would be necessarily the case appears to 
have been recognised by the inventors, who laid special stress 
on the ease with which the contact-mass could be reworked 
when it had become too inactive to be kept in use. So far as 
the use of pyrites or other sulphide ore is concerned, plants 
embodying these ideas have represented a compromise which 
in the most modern practice no longer finds favour. Renewal 
of the large amounts of mass contained in a full-sized unit is 
at the best an expensive operation, apart from the inevitable 
loss of platinum, the cost of which has increased enormously 
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since the method first came into use. Many plants are in 
operation, however, in which pyrites is burnt, the contact-mass 
being renewed more or less frequently. 

But if sulphur is to be used the purification required is in 
general much less rigorous, and the Grille system becomes a 
thoroughly practicable one. The comparatively simple design 
of the plant lends itself readily to the construction of large 
units which can be economically run, and with the complete 
combustion always obtained with sulphur, the efficiency can be 
high. Such plants may therefore be of great use in circum- 
stances in which sulphur is cheaper than ore, or very rapid 
construction is more important than a certain loss in operating 
cost. For this reason they were largely relied on for war-time 
production. 

To adapt the system for burning pyrites, and even in some 
cases for sulphur, many changes have been made. Glover 
towers have been built to scrub the hot gases, and the Tentelew 
methods of purification have been adopted either wholly or 
in part. It is probable, in fact, that the increasing efficiency 
required of any type of pyrites-burning plant that is to hold 
its own will, before long, efface any distinction that there may 
be, other than the use of sulphate of magnesia, between the 
Grille and other types of plant It is also possible that 
Grille contact-mass may be employed in other systems 
which, before the expiry of the Grillo patents, were confined 
to asbestos as a carrier. 

The following list of the Grillo patents was communicated 
to Lunge in 1911 by the Company (last edition of this work). 
The British patents have all expired, and the more important 
of the American patents ran out in 1918. It is stated that the 
General Chemical Company of New York, which came into 
possession of the rights as the result of litigation with the 
New Jersey Zinc Company (the first holders), had the right to 
issue licences to erect and run such plants, until 1923.' 

(i) Contact Substances. — Ger. P. 102244; Br. P. 283496; 

Belg. P. 140984; Aus. P. 565; Hung. P. 15502; 
It. P. 54742; Sp. P. 25637. 


‘ d/.6’. Dept, of I nt,^ Bull.^ 1920, 184 , 152 
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(2) Recovering Sulphuric Acid. — B. P. 25158 of 1898; Nat 

P. 23 of 1901 ; Cape Col. P. 1280. 

(3) Contact Furnaces. — B. P. 17034 of 1900; Ger. P. 138695 ; 

¥r. P. 304530; Belg. P. 152713; Nat P. 157 of 1901 ; 

Cape Col. P. 1445 > 57464; Sp. P. 26728; Switz. 

P. 22762. 

(4) Catalytic Apparatus. — Aus. P. 12287; Russ. Ps. 8372, 

8373, 8446. 

(5) Purification of Contact-mass. — Ger. P. 1 15333. 

(6) Preparing Contact-mass . — R P. 104 12 of 1901 ; Ger. P. 

128554; I"'*'- 311689; Bclg. P. 156974; Nat P. 156 of 

1901 ; Cape Co). P. 1446. 

The Grillo Pl.\nts of the D.E.S. 

The Grillo plants which were erected as integral parts of 
several of H.M, ICx[)losives Factories were designed by K. B. 
Quinan and his staff of the Department of Explosives Supply. 
As emergency installations, and in order to act as supple- 
mentary producers of acid, numerous IVIannheim units were 
first put up, but the greater part of the oleum used during the 
War was made in the batteries of Grillo plants at Queen's 
Ferry, Avonmouth, and Gretna, The production of sulphur 
trioxidc at Queen’s Ferry alone was at one time 250 tons per 
day. 

When erection was undertaken, the question of freights 
had already become important, and sulphur was preferable 
to pyrites from this point of view. The greater efficiency 
obtainable, and the simplicity of burning sulphur completely 
with unskilled labour, were considerations which bore in the 
same direction. Work on these plants was begun about the 
end of 1915, and the first unit was started at Queen’s Ferry 
in July 1916. Other units were put in operation in rapid 
succession at all three factories. A single unit was also built 
at East Greenwich, in the chemical works of the South 
Metropolitan Gas Company, and was run in connection with 
the large synthetic phenol plant built and operated by them. 
There were eventually ten units at Queen’s Ferry, four at 
Gretna, and twelve at Avonmouth. 

The rating of each unit was nominally 20 tons of SO.^ in 
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twenty-four hours, but the make could actually be raised to 
25 tons, or even more, at the cost of a slight loss in efficiency. 
The units were built in pairs, each pair being symmetrical 
about the line running the length of the plant from sulphur 
burners to absorption-house, so that a “ left-hand ” and a 
‘‘right-hand*’ unit faced each other in each building. The 
burner-house, converter-house, and absorption-house were 
spaced out with plenty of room between each other and the 
corresponding houses of other units, and were built of steel, 
with roofs and walls of corrugated sheeting. It should be 
emphasised that although two units were placed in the 
same buildings they were quite independent of each other. 

Shortly after the Armistice all these plants were shut down 
and some of them have already been dismantled. As is well 
known, it is proposed to use the Avonmouth plant in con- 
nection with the roasting of zinc ores on a very large scale 
and Delplace burners were installed. It may be questioned 
whether the purification arrangements will prove equal to 
the work, in view of the difficulties which are known to arise 
from the impurities generated from zinc blende, unless con- 
siderable modifications are made in the design. 

The question has often been asked : Whether the sulphur 
burners of these plants could be replaced by pyrites-kilns. 
Sufficient data will be given to show that the purification was 
generally less perfect than such a transition would demand, 
and in the opinion of many who are competent to judge, the 
structural changes required would have been considerable. 

From the time that they were put in operation until, in 
some cases, after the Armistice, experimental work was almost 
constantly in progress on these installations, and much experi- 
ence in their regulation was acquired by a large number of 
persons. It should not be thought, because so many are 
now unused or dismantled, that the experience gained with 
them has been no general value. To some extent these units 
were modelled upon those of the Cape Explosives Company. 
The Grillo type is not the most modern and scientific, but it 
is very widely used, and numerous systems are in action 
all over the world, compared with which the now derelict 
plants of H.M. Factories are improvements and enlargements. 
They were designed with great forethought and liberality, 
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and their erection as permanent structures left little to be 
desired. 

The account given below of the construction of these 
plants owes much to that published in Technical Records of 
Explosives Supply (1921, No. 5). From this source the larger 
drawings have been reproduced. The matter of the second 
section below, dealing with operation, was drawn mainly 
from personal experience. 

The Function of the Plant in the Acids System. — The Grillo 
plants in the factories producing nitro-cotton and nitro-glycerine 
for cordite, or making TN.T., served, like nearly all oleum 
plants in explosives works, the double function of producers 
and concentrators of sulphuric acid. There were, in addition, 
Gaillard or other types of concentrating apparatus, but no 
other producing plant. In full operation of a whole system, 
the contact-plant was arranged to supply just so much fresh 
acid as was required to replace the losses in manufacture and 
no more. The one large loss is that of sulphuric acid at the 
retorts producing nitric acid. 

The cycle of operations in which the contact-plant is 
involved may be well illustrated by the manufacture of R.D.B. 
cordite ^ at Gretna, for which a part of the flow sheet, with 
quantities relating to 100 tons of cordite, is produced in Fig. 81. 
For the production of acid for nitrating glycerine, 20 per cent, 
oleum from the Grillo, and strong nitric acid were mixed ; for 
nitro-cotton acid concentrated sulphuric acid was used in 
addition. The nitro-glycerine spent acid was deprived of its 
nitric contents in denitrating towers, and returned to the 
Gaillard towers, thus furnishing feed for the Grillo plant. The 
nitro-cotton spent acid was partly resolved into its constituents 
in the same way, but by distillation, and was partly strengthened 
again for use by addition of a revivifying mixture in making 
which both oleum or concentrated acid might be used. All 
sulphuric acid, therefore, returned again to the concentrators 
and some of it to the contact-plant, excepting that which was 
lost in nitric acid manufacture, and was equal to the production 
of the contact-plant when the amount in circulation or storage 
remained constant. 

* Cordite made from nitro-cotton gelatinised with alcohol-ether instead 
of acetone. 


2 D 2 
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The production of fresh acid by the contact-plant being 
limited, its capacity for concentration is limited also. Reckoning 
in terms of HgSO^ and (oleum then having a minus quantity 
of water), it can be seen from the flow sheet that of 86 tons of 
water returning to the Gaillards (omitting 4 tons which come 


- < wrAK yA »^POM STlLl'. TKCATl^ 
NITROCOTTCN 5Pt^^T Ac*D 


TO PLANT rcR mix:ng 


ClVCERISL NlTPATlNu 

Acid j 


viMciAsr foL:r!ixiNr. 
jeOTTON nitrating acid, 


■ 'Ll I'M 1 Olf UM j 

rox ' ro/. ' 1 

6 4 TONS ' H- ^04 IT|fON'.‘ ' 

M,0 - T ‘ n O • S 


CONCD S/a 
9 . 1 /-' 

H SO, 10 ) roM 


WEAK yA ! 
78 5 > 

MjSO* 229 TONS 
H,0 6J ; 

Wf AK S/A I 
73 S^ ! 
H, 50. 62 TONS' 

” i 


Z' CAIILAPD 
/ CONCENTPATOPS \ 




WEAK VA 
7T 


. rjjf-tc n yA 

> t 

z ' H^'.04 fto ton 
i w,0 H 


\ 


CKl'f’f Ni»NOj 
I'C? i''Nj :>(/ 


CK'lLO \ 

•iiomp^an; 

TK- OOf TiOfT \\ ^ 

20'. tH'OTo ' T 

•VI Af. S/A N j ' (,l 'I . 

^ " // K ‘'NO, ''MONS 


N/A 


n/a 

t t' IN', 


A A 


' A 


Y 

J 

NITRIC V 
/'Ann RETORTS \ 
n?oni»CTlON \ 
' »« *.f'i *[ >“•> 4/. ,‘TH M)N',| 

TTH(lfN(Y / 


Fig. 81. — Acid Flow-Shcct for R.D.B. Cordite iManiifacturc. 


from the Grillo as weak acid, and may be considered to be 
in circulation between the two), only 12 arc eliminated in the 
contact-plant. 


1. Oonstruotlon and Arrangement. 

The general arrangement of a single unit can be viewed 
in the plan of Fig. 82 which, for the main part, is drawn to 
scale, and shows the whole course of the gas. The principal 
elements of the unit may be indicated as follows, in order: — 
Sulphur Burners and Dust Chamber (“ heater-cooler 
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C. CONVERTER 
H. HEAT-EXCHANGER 
H C. HEATER -COOLER 
P. PRE -HEATER 
F. PRE -HEATER FIRE-BOX 
V. VALVE 


C. ACID COOLERS 
A. ABSORPTION TANKS 
T. ABSORPTION TOWERS 
W. WEIGH TANK 
5. STOCK TANK FOR OLEUM 
p. PUMP 


H-M' FACTORY GRETNA. 
GRILLO OLEUM PLANT. 
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OF ONE UNIT (HALF-SECTION) 
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FEED ACID OLEUM 


Fig. 82. 
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Purification System— Burner-gas cooler (“502 cooler*'), first 
two filters, scrubbing and drying towers, final three filters. 
Conversion and Regeneration System — Blower, grease-catcher, 
heat exchangers, “ heater-cooler,” preheater, converter, converter- 
gas cooler (“ SO3 cooler ”). Absorption System — Towers. From 
the plan it will be .observed that shortly after the purified gas 
left the blower of any unit it divided into two streams, which 
then followed similar but, for the most part, separate channels. 
There were therefore two converters, two in each unit, and four 
to each converter-house. 

Sulphur Burners and Dust Chamber. — In each unit there 
were twelve sulphur burners of the pan type set in a row. 
They were built of brick braced with channel irons and tie-bars 
carried through the brickwork in steel pipes. Their con- 
struction may be seen from the sketches of Figs. 83 and 84. 

The cast-iron pans (P), into which sulphur was charged by 
hand once an hour, were 7 ft 2 in. long, 3 ft 6 in. wide, and 5 in. 
deep. The opening to the pan was formed by an iron casing 
which was fitted on the outside with a sliding cast-iron door 
(Dj), in which were a number of slots capable of being closed 
by means of a slide. Entering through one or more of these 
slots, the air caused the sulphur partly to burn, and partly to 
boil, and the resulting gas and vapour were drawn up from the 
pan at the back of the first arch. At this point “ secondary ** 
air was admitted from the cooling-flue F, which ran the whole 
length of the block of burners, by means of the port and slide 
(/J. Finding its way through the sixteen small ports in the 
upper arch, the gas then entered the block of chequer-work 
brick which was built up on this arch, and by passage through 
it became thoroughly mixed, combustion being assisted by 
additional air drawn in through /g, and occasionally through p.^ 
and p^. The apparent complication of these arrangements is 
due to the need of burning the sulphur steadily. If all the 
necessary air were drawn into the pan at the front, most of the 
sulphur would boil away outright, and there would be great 
risk of “ sublimation ** of a fine mist of sulphur into the purifying 
plant. The thorough mixing in the red-hot chequer-work is 
also an important safeguard against this. 

The space above the chequer-work extended without 
interruption through all burners alike and, at the end of the 
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block remote from the rest of the plant, this burner flue ran 
into the main flue Gg by which the gas was led away. But this 
arrangement by itself would have produced an inequality of 
draught from one kiln to another, and to prevent this a 
short-circuit slide S was provided above each burner through 
which gas could escape directly into the main flue. It is 
easy to see that, with equal draught on each kiln, the opening 
of the slides (S) will have to be increased towards the end of 



the block where the two flues join. The regulation of these 
slides is an important point. The main flue G2 vvas covered 
with tiles, and the channel filled with sand or other insulating 
material, and it was found advantageous to increase the 
general temperature by affixing more or less lagging, particu- 
larly in windy situations. The weight of a block of twelve 
burners was about 340 tons. 

Arriving at the end of the main flue G^, the hot gas passed 
downwards into the “heater-cooler** by a downtake of the flue. 
At the foot of this downtake, as may be seen from the plan 
of Fig. 82, was a iS-in. cast-iron connection to a chimney flue, 
by means of which the burners could be connected to the 
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chimney on removing a damper. This was necessary when 
starting up, or sometimes during running, when the plant had 
temporarily to close down. The bottom of the downtake was 
connected by means of two short brick flues to the “heater- 
cooler*’ — a brick chamber about 23 ft. 6 in. long, and 16 ft. 
wide. This will be detailed in connection with the regenerative 
system of the plant. It was divided longitudinally by a central 
wall (Fig. 90), and three low walls about 18 in. high were built 
across the floor at right angles to the gas-stream in order to 
retain the dust, which, when it had accumulated, could be 
cleaned out through arches at the end of these walls. The 
floor of the chamber was given a slope towards these arches 
from the central line. In the two chambers were hung the cast- 
iron pipes through which the purified gas passed immediately 
before entering the converter. By passing over them the 
burner-gas was cooled, but was always hot enough to prevent 
any condensation of acid on the brickwork. 

Purification System, — At the other end of the “ heater- 
cooler,” the gas passed on through two brick uptakes, on which 
were seated the bases of two steel pipes which led to the “ SO^ 
cooler.” These connections, and the general appearance of the 
cooler, are shown in Fig. 85. There were two similar systems, 
each comprising twenty lead pipes, 20 in. in diameter, and made 
of 20 lb. lead. The steel pipes were connected to the first two 
lead pipes by means of spigot and faucet joints, filled with 
asbestos packing, in order that the expansion and contraction 
of the steel pipes should not pull the lead out of shape. The 
bottom headers of all the pipes were submerged in water in 
a wooden tank, and a leaden water supply pipe was arranged 
to spray water round each pipe just below the flange which 
closed the top. It is important that a reliable source of water 
be available, for if it fails, the first pipes of such a series are 
very liable to buckle rapidly with the heat of the hot gas 
entering them. The water ran down the outsides of the pipes 
into the tank, and from this to the drain. The bottom headers 
projected beyond the sides of the tank so that the flanges on 
the headers could be removed, and the inside cleaned out with 
a hose. This operation was facilitated by the provision of a 
sloping launder just under the flanges. Permanent tie-rods 
bore the weight of the flanges from the upper part of 




Fig. 85. — I 3 urner-Gas Cooler. 
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the wooden structure of the cooler, and could be used to swing 
the flanges aside when they were unbolted. 

To each bottom header was provided a drain pipe which 
was luted into a leaden catchpot standing below. Into these 
pots the acid ran which condensed in the cooler, and overflowed 
from them into a pipe common to all. This pipe delivered to a 
sump from which an air-lift raised the acid into a launder serving 
also for the weak acid from the filters and scrubbing towers. 

The gas entering the first header, No. i, passed downwards 
and through the short water-cooled branch into No. 2 (Fig. 85, 
plan). Rising upwards in No. 2 it crossed to No. 3 by the 
upper header, down again and across to No. 4 by a lower one, 
and so on. The streams from the two halves of the cooler were 
delivered at the end into a 30-in. lead main which was con- 
nected to the first filter. The temperature in this main was 
in general only .slightly above atmospheric. This cooler was 
of liberal dimensions and was even more than sufficient to 
cool the gas from 300"' or so, when maximum charges were 
being burnt. The only possibilities of trouble were, first, that 
the cooling of the first pipes might be interrupted, and second, the 
corrosion of the connecting steel pipes. These are always liable 
to be corroded, in spite of their being lined with acid-proof 
material as was usually done, and in at least one factory they 
were remodelled entirely. In this case the uptakes from the 
“ heater-cooler” were brought round to face the cooler and built 
up to such a height that the connection could be made with very 
short lengths of cast-iron pipe. This proved satisfactory. 

There were in all five filters placed side by side on brick 
kilns and filled with coke. After leaving the “ SOg cooler ” 
the gas passed through two of these in succession, in each 
taking a downward direction through the coke. The main 
reason for this downward passage is that any dust, or finely 
divided sublimed” sulphur from the burners is deposited on 
the top of the coke, and if the filter is choked up in this way it 
can be freed by opening up and removing the upper layer of 
packing, or in many cases, by simply raking over the top. 
Finely divided condensed sulphur, however, is very difficult 
to remove, and was occasionally known to pass right through 
both filters. 

All five filters were built and packed in the same way, the 
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only difference between the two first and the last three being 
in the direction of flow. A section of one of them is shown in 
Fig. 86. It consisted of a box of 8 lb. lead, about 30 ft. long, 
12 ft. broad, and 10 ft. high, constructed in a solid wooden 
framework, the lead being burnt round the bearers at numerous 
points to keep it in place, particularly at the top, to resist 
the suction which tends to make it fall in. The bottom of the 
filter and the sides, to a height of 6 ft, were lined with acid- 
proof tiles, and the bottom was laid with acid-proof bricks. 
On this bottom, with similar bricks and some special tiles, was 
built up a grid on which the coke was piled. The gas entering 
by the 30 ft lead pipe was led into the free space above the 
coke and, passing downwards, found its way through the grid 
into the free space below, which extended the whole length 
of the filter. From here it escaped by the other 30-in. pipe, the 
end of which, reinforced with a steel band, rested on some 
special bricks. The acid condensing in the coke was collected 
at one end by reason of the difference in height of 3 in. 
between the ends of the filter, and was delivered into a luted 
catchpot, and then to the launder already mentioned. Each 
filter was fitted with two leaden spraying pipes which ran along 
the surface of the coke for its whole length ; by means of these, 
acid could be run into the coke. This was a useful facility 
when the filters froze in cold weather, as occasionally happened. 
There was also a sight-glass in the form of a bell-jar, luted 
into the top, through which the clearness of the gas could be 
inspected. On some plants glass windows were provided 
opposite each other in the ends so that a column of gas 30 ft. 
long could be looked through at will. 

These two filters assisted the rest of the purification system 
very considerably by removing a large proportion of acid mist 
(/>., both water and sulphuric acid) before the scrubbers were 
reached. The specification of the packing was as follows : 
At the bottom, 24 in. of coke 4 in. to 6 in., then 12 in. of 4 in., 
12 in. of 2 in., 4 in. of i in., and 48 in. of J to in. — total 
weight of coke in one filter about 45 tons. Unfortunately, this 
specification was not always regarded with strictness, with the 
result that some plants were not so efficient in regard to both 
the preliminary separation of mist in Nos. i and 2, and the 
final one in Nos. 3, 4, and 5. 
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Leaving the second filter, the gas passed into the bottom of 
the first scrubbing tower, and from the top of this into the bottom 
of the second, and similarly through a third. A plan and eleva- 
tion of this battery of towers is seen in Figs. 87 (2) and (3), and 
also a vertical section of a single one in (i). Although circular 
towers were erected at Avonmouth the usual type was square. 
The lead casing had sides about 12 ft. wide, the lead being 
burned to cross-beams depending from the four principals of 
the tower at numerous points. It extended to within 3 in. of 
the base in which the tower stood, the lower end being left free 
to allow the acid to esca{)e, and to take up any “creep.*' On 
the lead tray was laid a 4A acid-proof brickwork lining, which 
was continued up the sides of the tower to within a few inches 
of the gas-outlet pipe at the top. At the base, on each side 
of the inlet, open brickwork walls were built on the base lining 
to a height of 3 ft. 9 in., and on these walls and the brick 
chequer-work at each side of them a grid was built up by acid- 
resisting tiles 30 in. x 10 in. x 4 in., laid on edge. The entering 
gas passed into the central channel and from it to the chequer 
brickwork, and was therefore distributed evenl\' before passing 
upwards. The coke packing consisted mainly of selected pieces 
from 6 in. to 8 in., with which were worked in smaller pieces 
not less than 4 in. in diameter. Short branches (30 in.) closed 
with flanges were fitted at top and bottom for inspection. 

On the top of these towers was arranged a distributor-room, 
and above this a tank-room (Fig. 87 (2)). The acid thrown 
up to the tank room from the ground level was blown into a 
splash-box in the particular feed-tank concerned. From there 
it flowed downwards to the distri!)utor on the floor below. The 
.acid for each tower was split into seventy-two streams in two 
distributing trays, and was run to the lutes in the tower top 
through the same number of narrow lead pipes. These lutes 
were fixed in a lead-covered steel plate which formed the 
cover of the tower proper. The level of the coke was some 
4 ft. below, and the drains of the lutes near the gas-outlet 
were prolonged almost to this level, so that the risk of acid 
being blown into the outlet as it fell was avoided. 

Having percolated through the coke, the acid ran off from 
the saucer of the tower into a lead cooler made with coils 
for water circulation, and then into the low level feed-tank 
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in front of the tower (another outlet besides that through the 
cooler was in fact necessary for heavy feeds) (Fig. 87 (2) 
and (3)). Pipes were also fitted through which acid could be 
transferred from the saucer of No. 3 or No. 2 tower (using 
the numbers for the order of the gas transference) to No. 2 
or No. I. Circulation round No. 3 and No. 2 was maintained 
in each case by a lO-in. centrifugal pump. For No. i scrubber, 
in which, on occasion the acid might be reduced in strength 
to 60 per cent, or less, either two Kestners or a regulus 
centrifugal pump and a Kestner were provided. Each tower, 
its cooler, pump, and upper and lower feed-tanks formed a 
closed system, and as the acid fell in strength, it was reinforced 
by the admission of stronger acid from the next tower, 
through the regulus valves or, in the case of No. 3 tower, by 
fresh concentrated acid. 

Next in order was the series of three final filters — Nos. 3, 
4, and 5. These were in all respects similar to the two which 
have already been described and figured, except that the gas 
in each of the three was delivered to the space under the 
coke and found its way up to the top. The drains from all 
five filters ran into the same launder. From these filters the 
gas (now presumed to be free from acid or moisture of any 
kind, and therefore not to be liable to contamination by 
contact with iron) was conducted in a 30-in. steel pipe to 
the pressure equaliser which stood before the blower. This 
consisted of a steel cylindrical shell 5 ft. in diameter and 6 ft, 
deep, with cast-iron conical ends to which the 30-in, pipes were 
connected at top and bottom. Inside were three diaphragms 
perforated with i-in. holes. The function of this piece of 
apparatus was the reduction of the pulsations on the suction 
side of the blower, which arc apt to damage the lead sides of 
the last filter by causing the sheeting to vibrate. In this 
the equaliser was not very succe.ssful, and it was generally 
necessary to add more bearers to the filter in (iue.stion. The 
perforated plates u'cre also liable to be blocked by frozen 
acid in cold weather, and a small pipe by which hot gas 
could be passed in to reduce the “chokes” was found a 
useful addition. 

The Conversion System . — The blower was of the Roots 
type, and had a capacity of about 30 cub. ft. per revolution. 
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It was driven at about i6o r.p.m. by a 6o h.p. three-phase 
motor, running at about 600 r.p.in. In order to be able to 
regulate the volume of gas passing, a lo-in. by-pass bearing 
a gate valve was fitted between the inlet and outlet pipes of 
the blower. This allowed of any degree of regulation, and 
though of course consuming some power, was an invaluable 
aid in operation. The glands of the blower were packed with 
Garlock packing, and compressed air, reduced to 5 lb. per square 



inch pressure, was used on the glands when necessary to prevent 
escai^e of gas. The general arrangement of the blower and 
equaliser is shown in Fig. 88. 

From the blower a 15-in. steel main connected with the 
grease-catcher. This vessel also acted as a separator for 
mist which reached the blower and was agglomerated by the 
mechanical action of the impellers, and consisted of a steel 
cylinder 30 ft. long and 8 ft. in diameter. At the bottom 
was a grid of special cast-iron firebars on which was placed a 
coke packing somewhat similar to that of the filters. The 
gas entered the space below the grid, passed upwards and 
left at the further end ; a drain and lute were provided. In 
ordinary circumstances no oil came from the drain ; probably 
little ever left the blower, but the amount of acid caught was 
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always considerable. The i5-in. steel outlet pipe was con- 
tinued along the side of the converter house, and from it 
two lo-in. branches fitted with gate valves led the cold gas 
to the two heat exchangers which formed the first section of 
the regenerative system. 

The course of the gas-streams and the arrangement of 
the plant can be seen in plan and elevation in Fig. 89. The 
branches from the main 15-in. pipe were fitted with valves that 
served no particular purpose. The heat exchangers were of 
the design figured in Fig. 38 in the discussion of preheating 
apparatus. They contained 104 tubes of 2l-in. bore and 8 ft. 
3 in. in length. The cold gas passed through these tubes, and 
as it was sometimes by no means mist-free, occasional trouble 
arose from corrosion, resulting in a leakage of this gas into the 
converted gas inside the tubes, which was of course at a lower 
pressure. Given quite dry gas, in which case sulphating is 
more to be feared from the converted mixture, it is probably 
preferable to pass the converted gas into the inside of the 
tubes, where any deposit can be punched out. 

After the exchangers the two streams of gas united and 
were carried back to the heater-cooler*’ adjacent to the sulphur- 
burners. This is shown in Fig. 90, and has already been 
mentioned. In each of its two compartments were suspended 
three rows, each containing eight U*pipcs of cast-iron, about 9 ft. 
6 in. long overall, and of 5-in. bore. These pipes were of the 
form shown in the sketch, and were suspended from steel 
channels placed on the roof of the chamber by tie-bolts which 
passed through the upper flange-plate and a similar plate cast 
on each tube lower down. This lower plate also served as a 
support for the tiles with which the chamber was roofed, and 
the space above them was filled in with insulating material. 
In this way the joints and the suspension were placed entirely 
outside the hot zone, and any tendency to crack or open on 
account of expansion or contraction was avoided. The tubes 
of each compartment were connected to a header having three 
branches. The method of .setting the pipes will be apparent 
from the sketch. It is worthy of note that, compared with the 
rest of the plant, this section of it was, so far as the gas to be 
heated was concerned, too small, and offered a resistance higher 
than any other element. The rise in temperature due to passage 
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through the “ heater-cooler ** was about 140®, from 180® to 
320^ The internal heating area of the pipes below the roof 
was 1104 sq. ft. 

Returning to the converter-house (Fig. 89) through a 15-in. 
main (all pipes here, as elsewhere, being of steel), the gas 
divided into two lo-in. branches which led, either directly to 
the converters, or first of all to the preheaters, each converter 
having its own preheater. By means of gate valves having 
long handles to enable them to be worked from the floor 
level, the preheaters could be by-passed at will, either wholly 
or partially. It was found that in ordinary circumstances no 
preheating was necessary once the plant was well under way, 
and the gas then passed directly through the by-pass to the 
converters, entering them tangentially. The gas often returned 
from the “heater-cooler’* indeed, with so much heat that the 
temperature in the converter had to be reduced by partially 
cutting out both “heater-cooler” and heat exchangers. The 
“cold gas valves” by which this could be done are shown on 
the sketch at each converter. The construction of each pre- 
heater was exactly similar to that of the “ heater-cooler,” and 
each contained the same number of pipes, the only exception 
being that each preheater was fitted with a firebox for coal, 
and, between this and the compartments containing the pipes, 
a common combustion chamber communicating with them by 
vertical slits in the dividing wall. The flues from the pre- 
heaters were carried underground to the single steel chimney 
of the double unit (4 ft. wide, 65 ft. high) to which, as may 
be seen from the plan of Fig. 82, the flue from the sulphur- 
burners also led. 

The converters were of the regenerative type, and contained 
four layers of magnesium sulphate mass each of about 2250 lb. 
(anhydrous weight), the average platinum content being 0-31 
per cent. There were therefore from 55 to 56 lbs. of platinum 
in the two converters of a unit. A very usual arrangement 
was to have a top layer of 0 35 per cent, and four lower 
ones of 0*30 per cent. For a comparison of these amounts 
with those holding on other Grillo plants, the table in 
Chapter IV., p. 126, showing the duties of the mass in 
various cases, may be consulted. Each layer of mass was 
about 15 in. deep. 
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The construction of the converter may be seen in Fig. 91, 
It consisted of an inner and outer shell, the inner one — 
6 ft. 6 in. in diameter and 12 ft. 8 in. high — being closed at 



Fig. 91. — D.F.S. Grillo Ct)nvciicr (Scciiuiuil Klcvaiion). 


the bottom by a dished plate. Between the inner and outer 
shells were fixed a series of annular baffle-plates with vertical 
extensions, so that the gas entering tangentially at the bottom 
through the lo-in. pipe was forced to take a zigzag course, first 
round for about 2S0’, then up, round again and so on, until 
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it finally streamed over the upper edge of the inner vessel and 
passed downwards, having gained in temperature by 40*" or 
50®, say from 320^" to 370^ This has already been illustrated 
diagrammatically in Fig. 27. At the top was a perforated 
steel plate made in quadrants and laid on a circular angle- 
iron bracket and on a light steel trestle, the ends of which 
were placed in sockets on the inner wall. This plate acted as a 
distributor, and was usually covered with a layer of unplatinised 
mass to act as a filter for any accidental dust or scale. Between 
each pair of layers of mass was suspended a cast-iron bafific- 




Fig. 92. — Method of sup{X)rting Grid- and Baffle-plates in Crilio Converter. 

plate. The gas leaving the first layer was thus compelled to 
spread outwards and strike the inner wall, assisting the heat 
transference to the incoming colder gas, and being at the 
same time thoroughly mixed. Fig. 92 shows the method 
of setting the perforated plates and baffle-plates. Pyrometer 
pockets were inserted just above each layer of mass. The whole 
converted was surrounded wdth a brick casing and the space 
between was filled in with kiesclguhr or slag-wool. It will be 
understood that all the pipes conveying hot gas, until it left 
the heat'Cxchange system, were efficiently lagged. Leaving the 
converter at about 420^" the converted gas passed immediately 
to the heat exchangers, passed over the tubes and then, at a 
temperature of 260' to 280^ to the “ SO3 coolers” through 
lO-in. unlagged pipes, one for each exchanger. 

There were two of these coolers for each unit, built side by 
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side in a shed adjoining the absorption-house. Each consisted 
of two ranks of eight 6 in. tubes 30 ft. long, coupled at one 
end to lo-in. inlet and outlet headers, and at the other end 
to return bends. The total cooling area, excluding headers, 
was for each cooler 840 sq. ft. Water pipes were arranged for 
spraying the coolers, and the floor of the shed consisted of a 
leaden tray for draining. In order that any condensate in the 
pipes might run out, the outlet headers were set 6 in. lower 
than the inlets. 

The temperature desired for the gas leaving the coolers was 
from 60"" to 70\ To secure this on high charges, with water 
cooling, the arrangement was amply sufficient. Air cooling* 
however, was generally preferred when possible. On low 
charges and in starting-up the coolers were a source of danger, 
owing to the difficulty of working without blocking them up 
with solid trioxide ; and in one instance it was necessary to 
provide for warming them in cold weather. 

The Absorption System . — The lo-in. main leaving each 
section of the “ SO3 cooler ” was connected to a series of three 
absorption towers 24 ft. high and 6 ft. in external diameter, 
the six towers of a unit being supported on a reinforced 
concrete platform about 7 ft. high. The gas entered at the 

bottom of two towers (Nos. i and 4) and left at the top of two 

others (Nos. 3 and 6) by pipes which passed upwards through 
the roof into the air. 

A sketch of one of the towers is given in Fig. 93. Each 

was made of i-in. steel plate in three sections, and was closed 

at the bottom by a dished plate of the same thickness, and at 
the top by a removable flat cover to which was attached a 3-in. 
fitting for the cast-iron acid sight-box illustrated in Fig. 94. 
On the bottom of the tower was laid a loose steel plate. The 
inside of the tower was lined throughout with acid-proof brick 
about 2 \ in. thick and 6 in. square, made with V-shaped edges 
to fit into each other, and set in acid-resisting cement. At the 
bottom of the tower this lining was reinforced by courses of 
heavier brick to a height of 2 ft. 8 in. and on these, and a 
central cast-iron pillar, the heavy cast-iron grid was placed on 
which the packing lay. Clean quartz was used, in pieces from 
4 in. to 6 in. across, and was filled in to within 18 in. of the top. 
Just above the top of the packing a cast-iron distributing plate 
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FlC. 93.— Absorption Tower— M.S. Shell. 


was adjusted horizontally on 
three brackets. In the centre 
of this plate was a cup with 
serrated edges, into which the 
acid fell. Flowing over the 
serrations of the cup it was 
delivered to the various com- 
partments of the plate, in each 
of which was a hole, so that 
there were numerous cataracts 
of acid at various distances 
from the centre. There were 
also several gas-vents in the 
plate, one of which is shown 
in the drawing. 

For each unit there were three 
steel acid'circulation tanks 8 ft. 
long, 5 ft. broad, and 4 ft deep, 
situated on brick piers about 
2 ft. high. There was also a 
high level tank on a weigh- 
bridge by which the feed acid 
could be weighed and fed into 
circulation, and an oleum re- 
ceiving tank from which the 
acid made could be pumped to 
storage. The acid in the cir- 
culation tanks was fed to cast- 
iron centrifugal pumps through 
the bottom outlets and pumped 
to the sight-boxes at the top 
of the towers, each tank feeding 
two towers (or four). Returning 
to the tank, the hot acid ran 
through coolers which in the 
case of oleum were of 5-in. 
steel pipe, and in that of acid 
of lower strength of 6-in. 
square-flanged cast-iron pipe. 
Such a cooler (for oleum) is 
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shown in Fig. 95. The pipes were supported on racks and con- 
nected in the usual way to prevent the formation of air-locks. 
It was found an advantage to provide splash-boards to make 
the flow of water between the pipes more even, and in some 
cases considerable economy of water was effected by spraying 
the water on to the pipes with spraying jets similar to those 
used in fire extinction, or in Gaillard towers. The importance 



of securing adequate acid cooling cannot be overrated, and 
it was found necessary in all plants to increase the cooling 
area to much more than the original amount. The results of 
insufficient cooling on all but the smallest charges were bad 
absorption and rapid destruction of the plant. 

The system of circulation and the consequent connections 
differed considerably from one plant to another, and naturally 
varied with the nature of the feed and of the acid required. 
At Gretna, where 92 per cent, sulphuric acid was for the most 
part used as feed to make 20 per cent, oleum, circulation 
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was carried out from all three tanks, and the arrangement was 
that shown in Fig. 96. Feed acid flowed into No. 3 feed-tank, 
and through a i|-in. cast-iron bottom connection was allowed 
to run to a Rees-Roturbo cast-iron pump with an 8-in. impeller 
(dircct-coupled to a 4 h.p. totally enclosed motor), which elevated 
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I'iCu 96. — ;M>s<irj>tioo System — Giclna. 


it through a 2^.-in. oval-flanged cast-iron pipe to the tops of 
towers 3 and 6, about 8 tons of acid being fed through each 
tower per hour. This acid returned directly to the tank from 
which it came. At the same time, by means of a 3-in. over- 
flow pipe, a certain proportion was overflowing into No. 2 
tank, which was fitted with a pump and circulating pipes to 
and from towxrs 2 and 5, with the addition of a cast-iron acid 
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cooler. No. i tank was connected in the same way to towers 
I and 4. In this instance the delivery and return pipes were of 
steel and the cooler, also of steel, was 20 ft. long, with two 
ranks each containing five pipes, />., similar to Fig. 95, but twice 
as long. From No. 3 tank the oleum ran, also by overflow, to 
the stock tank from which it was pumped to the battery of 
30 ft. X 9 ft. storage “ boilers.” 

In the short discussion of circulating systems which has 
been given under “Absorption,” the defects of this particular 
system have been pointed out, and it was in fact found 
necessary to provide a by-pass from the rising main of No. i 
pump, to allow oleum to flow into No. 3 tank, for without this 
the acid could not be brought to the necessary strength of 
98 per cent., the overflow from No. i remaining at 20 per cent. 
SO.. When these conditions were established, the acid in 
No. 2 was from 99 to 100 per cent. H.^SOi. The whole system 
worked well and gave little trouble ; it has the advantage that 
if any pump or circulating pipe is temporarily out of action, 
the two tanks which are unaffected, with their towers, are 
sufficient to maintain absorption at the usual rate. 

Another and a better arrangement, employed at Queen's 
Ferry and elsewhere, connected circulation tanks Nos. 2 and 3 
together, and fed the last four towers from No. 2 tank, the 
run-off from these towers falling into No. 3, and from there 
passing to No. 2. In this way there were only two strengths of 
acid in circulation — 20 per cent, oleum in No. i and 98 percent, 
in Nos. 2 and 3. An overflow pipe from No. 2 to No. i was 
provided as usual. Very large coolers — with from 500 to 800 ft. 
run of pipe — were provided, and in some cases were housed 
outside the building under the “ SO3 coolers.” An example 
of this design is seen in Fig. 97, which represents a single unit 
plant (East Greenwich). For the oleum .section of the plant 
(towers Nos. i and 3), steel pipes and coolers were in use for the 
98 per cent acid section, and cast-iron for the remainder. The 
outlets from the towers were connected directly to pipes of the 
same diameter as the coolers (5 in. and 6 in.). The rising pipes 
were of 2j-in. bore. Feed acid could be run as usual into No. 3 
tank or, when no feed acid was available, water could be added 
at the mixing head of the cast-iron cooler on the right-hand 
side. The centrifugal pumps were of the vertical, glandless 
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type already illustrated in Fig. 77. The cast-iron acid valves 
were also specially made for this work and proved very 
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satisfactory. They could be opened to the full bore of the 
pipe and showed no tendency to jam or stick. Fig. 98 shows 
a section of the 2 J-in. valve. Of all the alternative arrangements 
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of the absorption-house, this, for the production of 20 per cent 
oleum was probably the best. 

Between the towers Nos. i and 4 will be noticed, in Fig. 97, a 
small cast-iron tower connected to the “ SO3 cooler ” by a separate 

pipe. This was the auxiliary tower 
which, on a single unit plant, was 
necessarily used for making pure 
acid for the scrubbers. Acid was 
circulated round this small tower 
(brick-lined like the rest) from the 
tank immediately to the left of it 
and ran back to the tank by way 
of a mixing pot (shown in plan and 
elevation), into which the necessary 
water could be added, in order to 
keep the acid at 98 per cent. The 
tower was only in occasional use, 
and to avoid the use of a valve 
which in these circumstances and 
in the constant presence of trioxide 
is extremely apt to seize, a lute 
was fitted which could be filled with 
Fig. 99.— Gas-Lute for Auxiliary acid and emptied at will. The lute 
Absorption Tower. was a cast-stccl X-p>^ce as shown 

in Fig. 99. By allowing acid to 
flow in, the gas current could be cut off. When the tower was 
required for use the acid was drained out, thawing with a blow- 
lamp if necessary. 

2. Operation. 

Charging and regulating the Burners , — In the operation of 
the burners, the important points were those of obtaining (a) 
complete combustion, i.e., no “sublimation*’; (h) a high 
temperature in the outlet-flue and “ heater-cooler ” ; (c) a con- 
stant percentage of dioxide. 

(a) The charge of sulphur per burner per hour varied 
from 50 to 90 lb. (or from 6 4 to ii*6 tons per unit per day). 
It was dropped into the pan from iron scoops through the 
sliding door, the whole twelve burners being charged each 
hour in a definite order. The sulphur melted on the bottom 
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of the hot pan and then was partly burnt and partly boiled 
away into the chequer-work, the slides in the door being 
regulated until only sufficient air was being drawn in to cause 
the charge to require, in appearance, fifty-five minutes for 
burning. The secondary air-vents in the air-flue were kept 
fully open, and in ordinary circumstances admitted sufficient air 
to give an almost colourless flame at the level of the chequer- 
work inspection door (/>o, Fig. 83). No other air-vents were 
required if the draught in each burner was equal. 

(^) To assist the heat regeneration of the plant, the “ heater- 
cooler ’’had to be kept hot, and for this purpose a temperature 
of or more in the flue leaving the burners was required, 
and to obtain it the average dioxide percentage in the burner- 
gas was held as high as possible — usually between 8 and 
1 1 per cent. As 5 per cent, gas was used at the converter, the 
additional air required was admitted at some point in the 
purifying system. In ordinary practice these figures may 
be raised with care to 10 and 13 per cent., without danger 
of unconsumed sulphur being carried away. Special care 
is necessary when cleaning out the pans. This was generally 
done about twice a week. The main doors of two burners 
were fully opened, and the dust removed as quickly as possible. 
So much air then entered at these doors that an insufficient 
amount might be carried into others and “sublimation” ensue. 
To guard against this, it was usual to reduce the charges shortly 
before cleaning began. Once hot, the pans and brickwork 
retained their heat for a very long time. The plant could be 
shut down for three or four days and restarted without trouble. 

(<*) To obtain the greatest possible constanc\' of gas 
composition, it was first of all important to adjust correctly 
the by-pass slides between the two flues (S, Fig. 83), so as to 
have the same suction in each fire. The correct setting was 
that in which each slide was less open than that lying adjacent 
to it, and further up the gas stream in the flue (Gp Fig. 83), 
and it could be checked by observing the time required for 
each fire to burn out, or better, by actually measuring the 
suction at each burner door with a very delicate manometer. 
With sulphur charges of 65 lb. the suction was equal to about 
0*170 in. of water, and did not vary from one pan to another 
more than 0 01 in. There was in general, however, and in spite 
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of such precautions, a slight increase of suction in one direction 
or another along the burners, which caused the fires, taken in 
order along that direction, to burn out increasingly fast. 

It was therefore advisable that the order of charging 
should be arranged to counteract, if possible, the effects of 
this regular variation in suction, and the order adopted finally 
was therefore the following : — 


lo j 

i 


The fires charged in this order are symmetrically placed with 
regard to the centre of the burners, and the effects of the 
pressure gradient were minimised. The composition of the 
gas entering the converter did not vary more than 0 5 per 
cent., and for 90 per cent, of the time was much more constant. 
With any other order tested before this one, the variation was 
much greater. 

In Fig. 100 are given the results of some series of tests 
made by testing the gas leaving the burners every two minutes 
for periods of an hour. Graphs III. <? and IV. show the effect 
of charging in the way mentioned, particular attention being 
given to punctual and rapid charging. Graphs a and ll. a 
represent other methods. It may be mentioned that if the 
charging were allowed to become in any way irregular, or 
the dampers or slides were at all out of adjustment, the 
fluctuations were much greater than those shown in the graphs. 

The oscillations of all the curves are periodic. The com- 
bustion of sulphur in a hot pan is not a regular process, and 
the cause of the oscillations became clear on .studying individual 
fires. Samples were withdrawn from the chequer-work, and the 
same main features appeared in each case. The sulphur was 
melted and well alight in ten minutes after charging. The 
dioxide percentage then rose rapidly (to 9-12 per cent.), and a 
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sharp peak appeared in the graph at about twenty minutes 
after charging. The percentage then fell rapidly and the graph 
showed that combustion was practically over at forty minutes 



Fig. IOO. — Fluctuations in Burner-Gas Composition. 


past, although the fire appeared to the eye to be burning almost 
to the time of the next charge. This conclusion was confirmed 
by omitting a pair of charges from two fires during an hour's 
run. The crest usually produced fifteen to twenty minutes 
after charging was absent and a trough present instead. (See 
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Graph obtained when a pair of charges was omitted at 
thirty minutes past the hour.) 

Each of the graphs may therefore be considered as the 
resultant of six single graphs added together, each representing 
a pair of fires burning effectivelj' for about twenty-five minutes 
of the hour. The oscillations are occurrences which clearly are 
to be expected in this or any similar plant.^ Several variations 
were tried in the hope of causing the fluctuations to neutralise 
each other, but with no real success. The result of one of these 
is shown in Graph II. In this the charges were only half the 
usual amount, but were put on twice as often, so that Nos. i 
and 12 were charged at o and 30 minutes, Nos. 2 and 1 1 at 
5 and 35 minutes, and so on. The graph shows a half-hourly 
cycle, with an interesting alternating form. In each case a is 
the burner-gas and b the converter-gas curve. The fluctuations 
were to some extent damped down by the effect of the large 
gas volume of the ‘‘heater-cooler,” and by the admission of the 
secondary air for dilution, but were nevertheless always 
repeated at the converters from fifteen to twenty minutes 
after the time of their passing the burner-flue. This had a 
certain effect on the conversion, which will be detailed later. 
These facts constitute, alone, a very forcible argument in 
favour of mechanical burners. 

The Working of the Purification Systeui . — The acid in the 
last scrubbing tower was kept at 93 to 95 per cent, by the 
admission of fresh acid of 98 per cent, (or in some cases of 
oleum) to the circulation tank of this tower, excess acid being 
passed to No. 2 tower and thence to No. i as required. The 
strengths of the acids in these two towers remained at constant 
figures, which depended on the amount of trioxide formed in 
the burners, and on the atmospheric moisture drawn in. With 
a high burner conversion of say 4 to 5 per cent., and in cold 
weather when the atmospheric moisture was low, the contents 
of No. I tower might remain at 80 per cent, and if they were 
diluted, increase in strength afterwards, owing to the absorption 
of stronger acid mist. More usual figures were: No. i, 65 to 
70 per cent., and No. 2, 80 to 85 per cent. When chlorides 
were suspected in the sulphur, No. i was daily diluted to about 
50 per cent, by the addition of water, and renewed entirely at 

* Miles and Sarginson, /. Soc, Chem, Ind, {Transi)^ *922, 41 , 183. 
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frequent intervals. In extreme cases sprays of water were set 
in two of the pipes of the “ SOg cooler.*’ This entailed a loss 
of production of about i per cent., and was resorted to only as 
an extreme measure. The effect of chlorine on the conversion 
has already been discussed in the chapter on Gas-Purification. 

The course of the purification can be traced partially by 
examining the amounts of sulphuric acid and of “ total 
moisture” (/>., H2SO4 and H^O) carried by the gas, in the 
table of representative data given towards the end of this 
section. It will be seen that although the first filters and 
scrubbers accounted for most of the mist, its elimination after 
this was gradual, and that the blower and grease-catcher 
caught a considerable fraction of what remained. The gas 
leaving the grease-catcher contained 0 010-0 020 gm. per cubic 
metre of total moisture if the purification was working 
normally. 

On all plants tests were run for a week or more to ascertain 
by actual measurement, so far as possible, the actual amount 
and composition of acid eliminated by each part of the system. 
As an instance, the result of one made at Gretna in May 1917 
is given in the table below. During the period 45 7 tons of 
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sulphur (97*8 per cent.) were burnt, containing 0*15 per cent, of 
water. The average percentage of dioxide in the converter-gas 
was 5* 1 1 . On each day estimations of atmospheric moisture 
were made by the chemical test. The average gave 464 lbs. 
in a million cub. ft, or (at 10*3° C. — the average temperature) 

2 F 2 
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a saturation of about 78 per cent. The water drawn in with 
the air used for combustion and conversion can be calculated 
as 4-60 tons and, adding that in the sulphur, the total is 4-67 
tons. The amount actually recovered was 471 tons. 

The first two filters remove about 47 per cent, of the total 
water and 58 per cent, of the sulphur trioxide generated, and 
play a most important part in the purification. The scrubbers 
remove 44 per cent, of the water and 28 per cent, of the trioxide, 
47 per cent, and 8-i per cent, respectively, passing on to the 
rest of the plant. The total of 471 tons of trioxidc represented 
2-91 per cent, of the total production of the plant. What pro- 
portion of the mist was passing from the scrubbers into the 
final filters could not be found directly, for the drip from 
these, if any, gives no guide to the amount of acid they are 
taking up. The lowest entries in the table were, therefore, 
calculated from gas-tests. 

The inclusion of two filters before the scrubbers justified 
itself amply, and on some plants the recovery of trioxide by 
these means was as high as 67 per cent. That so much could 
be eliminated before the scrubbers were reached proved in the 
end a most important fact. There was also some ground for 
believing that the more concentrated was the acid in the mist, 
the more readily was it eliminated by filtration. 

At one large factory, the filters had been too loosely packed, 
and the amount of total moisture in the gas leaving the grease- 
catcher was on some units as high as 0 80 gm. per cubic metre. 
Although this gave no serious anxiety so long as a good grade 
of sulphur was to hand, it was a most undesirable state of affairs. 
Various experiments were made. The third and fourth filters 
were sprayed at regular intervals; this had a slight favourable 
effect. The feeds to the scrubbers were doubled ; the amount 
of moisture rose to 1-50 gm. Finally, it was found that if the 
burner-gas was made as concentrated as possible and carried to 
the first filters without any addition of secondary air, an acid 
of well over 90 per cent, ran from these filters, and the whole 
purification became more complete. In adopting this method 
the inlet for the secondary air was removed from the “ SOg 
coolers to the inlet to the second scrubber, so that the system 
up to this point had to deal only with the comparatively small 
volume of burner-gas containing from lo to 12 per cent of 
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dioxide. The secondary air was drawn in through a duct 
connected to the tops of the scrubber circulating tanks, so 
avoiding a small loss of dioxide which, even with covered 
tanks, was otherwise appreciable. The temperature of the 
burner-flue then rose to 750'' or 800°. 

The chief condition of successful filtration is to have the 
largest possible amount of fine coke — between J in. and in. 
— carefull}^ dried before putting in. Trouble was encountered 
in the same measure that this provision was diminished or 
neglected. 

Operation of the Converters . — In running the converters, 
there were three conditions to be established in order to 
secure the highest possible efficiency. It was necessary to 
maintain {(i) delivery of gas to each converter at a constant 
rate ; {b) a suitable percentage of dioxide as nearly constant 
as possible; (c) appropriate and steady temperatures at the 
inlet and in each layer of mass. 

{a) A constant rate of flow presented little difficulty ; the 
motors driving the blowers were practically invariable in speed, 
and slipping of the belts was rare. It was usual to open or shut 
the blower by-pass valve in accordance with the indications 
of the water manometer on the delivery side of the blower, 
maintaining a constant head of from 40 in. to 60 in. of water, 
according to the charge. A better method, however, was to 
work by a manometer attached to the converter inlet, for the 
resistance of the plant subsequent to this point might be 
considered invariable, whereas the resistance of the whole 
plant after the blower, as indicated by the gauge at the 
blower outlet, was liable to alteration. If, for instance, the 
“ cold gas ” by-passes were opened, the resistance of the plant 
as a whole fell, the blower continued to impel the same amount 
of air as before, but a greater proportion went through the plant, 
and a smaller one through the blower shunt. The pressure at 
the converters consequently rose, and the gas concentration fell. 

(/;) To keep the concentration constant was a more difficult 
matter. It has been seen that the intermittent charging of the 
burners gave rise to fluctuations which were unavoidable with 
this method of combustion and, when reduced as far as possible, 
gave rise to corresponding fluctuations of 0-5 per cent, in 
the converter-gas. This unevenness of composition was a 
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considerable hindrance to good conversion, and had the additional 
disadvantage of making conversion tests more difficult. Some 
observations of the effect of the variations are given in Fig. loi. 
In Graph I., curve b shows the percentage of dioxide at the inlet, 
curve d, the conversion. When Graph I. was obtained, the inlet 
gas was more concentrated than was found best. It will be seen 
that each rise in concentration is followed by a very definite 
fall in conversion, and vice versa. In the case of Graph II. not 
only are the initial fluctuations smaller, but the mean dioxide 
percentage is lower also. The result is that the fluctuations are 
less than before. The higher was the average concentration, the 
more did a variation by the same fraction affect the result. 

Tests were also made on the gas before and after it passed 
through the first layer, and some results of these are given in 
Graphs III. and IV. The effect is the same, but is more marked 
than before. In the first case the conversion (curve r/) is seen 
to fall from 40 to 35 per cent, in fifteen minutes. Curve e 
represents the percentage of the initial total volume converted, 
and is a measure of the atnount of conversion. As might be 
expected, this curve rises and falls with the first {b), showing 
that the layer of mass attempts to deal with the extra load due 
to the influx of richer gas, but (as curve d shows) is not quite 
equal to the task. The same remarks apply, in a lower degree 
to the converter as a whole, and the discussion may be followed 
a step further. When the entering gas became rapidly richer, 
conversion by the first layer fell (by 5 per cent, or so in the 
example given), and the remaining layers had to deal with an 
extra load, due not only to the increased concentration but also 
to the fall in efficiency of the first layer. This fall in efficiency 
was inevitable, since this layer was not allowed to be hot 
enough to convert more than 25 to 35 per cent, of the whole. 
If its temperature were allowed to rise much above this, a far 
greater catalytic activity was attainable in it ; but the whole 
converter then became so hot that the total conversion, from 
96 or 97 per cent., fell to 92 or 93 per cent. For the best 
result, it was essential to divide the load as evenly as possible 
between all the layers. This was attained in the ordinary 
way by making sure that no pyrometer indicated more than 
470'’ or 480''. 

These conclusions were confirmed by further observations, 
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Fig. lot. — Fluctuations in Conversion: I. to II.» Total Conversion; III. to IV., 
Conversion by First Layer. 
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and Fig. 102 represents the result of a series of tests made 
during and for some time after the cleaning of a set of burners, 



Fig. 102. — Fluctuations in Conversion hy Separate Layers of Mass. 

an operation which necessarily gave rise, on account of the 
opening of the burner doors, to very marked fluctuations. The 
period of cleaning is shown by the two broken lines. In 
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response to the marked increase in percentage which begins at 
about thirty minutes (curve b\ the first layer conversion 
falls, while the second and third layers {d.y and accomplish a 
greater proportion of the possible w^ork. The total conversion 
has meanwhile fallen seriously, but it begins to increase as the 
concentration passes the maximum, a series of changes in the 
layers now taking place which, at least roughly, is the converse 
of the foregoing. 

The whole converter was, therefore, in a state of sensitive 
thermal balance, in which the catalytic capacity of the platinum 
at the temperatures employed was exercised to its utmost. It 
would have been of advantage to isolate one section of the 
mass from the rest, run it at 500^ or 520 , and accomplish 
60 to 70 per cent, of the conversion in one stage. The 
remaining three la}’crs w'ould readily have accomplished the 
remaining conversion, the gas being cooled by heat exchange 
during its passage between the two sections. This would have 
made possible the use of a stronger gas than could be used in 
the e.xisting converters with efficiency. 

The most general limits for the gas concentration were 
4-5 and 5*5 per cent. To obtain the best possible result — 
about 97*5 per cent. — which was attainable only on com- 
paratively low charges, even lower limits, 40 to 5 0, were 
advisable. Charges up to 100 lb. (31S tons trioxide per dicin') 
could be burnt with a conversion of from 91 to 92 per cent. 

(f) The data given in the two foregoing figures were of 
course the results of experimental work ; for the purposes of 
ordinary control, temperatures were mainly relied on, in 
conjunction with periodical tests of the conversion. If the 
temperature shown by the pyrometer just above the first layer 
were kept at any given figure, the remaining temperatures soon 
settled down to particular values determined by the gas- 
concentration and the rate of flow. The preheater was, as a 
rule, used only for starting-up, and the inlet gas contained, 
without its use, a more than sufficient reserve of heat. The 
temperature of entry was, therefore, controlled by opening the 
“cold gas” by-passes. With low charges (50 to 60 lb.) from 
370"" to 380" was aimed at. On higher charges, the heat 
developed in the converter being greater, from 355" to 365" was 
suitable. If the entry temperature was too low, that of the 
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gas leaving No. i layer would begin to fall, and if the fall were 
not checked, the second layer would rise in temperature and 
take over part of the work of the first. Incipient loss of 
conversion could be stopped by first of all cutting off the cold 
gas, then by increasing the gas concentration. 

Absorption , — To describe the operation of the absorption- 
house, it is not necessary to add much to the description which 
has already been given of the plant and its connection. It was 
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necessary only to maintain a flow of feed acid at the correct 
rate, to keep the contents of the first and last reservoirs at 
20 per cent, oleum and 98 to 99 per cent, acid by a sufficient 
number of tests, and to see that sufficient of these acids was 
elevated by the pumps to prevent the acid which ran back 
from the towers from rising much* above these strengths. The 
work is much facilitated, at least until steady conditions have 
been established, by using one of the rapid tests which have 
been described in Chapter II. 

When acid recovered from T.N.T. manufacture was in 
use as feed, silt used to accumulate in the coolers, so that 
periodically it was necessary to pump them empty and wash 
them out. The towers also required the same treatment 
occasionally. 

The efficiency of an absorption system in good running 
order is extremely high, and the main loss is likely to be due 
to the carriage of acid spray from the last towers into the 
atmosphere. This can usually be prevented by an alteration of 
the feeds, but in some cases spray-catching vessels were fitted 
to the outlet pipes. Occasionally also a certain amount of 
apparently unabsorbable mist would escape, and it was found 
that the application of cold water to the gas-coolers had the 
effect of producing this. 

Every effort was naturally made to keep the contents of 
the circulation tanks as cool as possible, but, however long 
the coolers are, a certain rise of temperature is inevitable. 
With the system illustrated in V\q. 97, but with coolers of a 
different length, having 270 and 1200 sq. ft. for the oleum, and 
98 per cent, acid respectively, the temperatures holding were 
as given below. The size of the first cooler was afterwards 
increased : — 
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These figures apply to the production of 22 per cent, oleum, 
from feed acid of 91*5 per cent. In these circumstances, the 
absorption of trioxide by the oleum constituted, necessarily, 
about 60 per cent, of the total absorption.^ The heat develop- 
ment is difficult to determine practically, but was greater in 
the towers through which the 99 per cent, acid was flowing than 
in the others. Calculations similar to those made in the section 
dealing with the thermal effects of absorption in Chapter VII., 
and from the data given there, indicate that on 60-lb. charges 
(7*7 tons sulphur per day) about 230,000 C.H.U. are developed 
per hour in the four last towers, exclusive of some 60,000 C.H.U. 
given to the system by the hot stream of gas, and about 180,000 
C.H.U. in the oleum system, excluding in the same way some 
6000 C.H.U. It is, therefore, evident that the cast-iron cooler 
is justifiably made the more capacious of the two. When oleum 
was made from water feed with the system of Fig. 97, the 
relative heat development in the 98 per cent, acid section 
became even greater. Some by-passing of oleum to the other 
circulating tanks was then usually necessary (see, however, the 
footnote on p. 275). On units making 98 per cent, acid from 
feed acid of 91 per cent, (or from water), the total heat evolved 
was greater than in either of the foregoing cases, and the cast- 
iron cooler had to be capable of dealing alone with all this heat, 
for only acid of 98 to 99 per cent, was then in circulation. 

Efficiency . — The over-all recovery which was obtained by 
the plant varied to some extent with the charge, but, for 
medium charges of 60 to 70 lb. per burner, was between 94 
and 95 per cent., exceeding this slightly in some instances. To 
maintain this high level the operation had to be carried out 
with strict attention to detail and unremitting avoidance of all 
possible loss. It was necessary to watch conversions closely, 
to see that sulphur dioxide was not being lost by escaping 
from the .scrubbing acid into the air, and that absorption was 
proceeding perfectly, and so on throughout the system. 

The estimations of efficiency which were deduced from the 
amounts of acid made and received, and relied ultimately on the 
dips of the acid storage tanks, were occasionally checked by more 
direct determinations in which all the materials were carefully 
measured or weighed, and the losses were evaluated directly. 

* T,R»E,S.y 1921, 6, 205. 
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Some details may be given of one special test carried out in 
this way. No change was made in the normal working of 
the unit, but water was substituted for acid as feed, in order 
to avoid the introduction of a large amount of material 
extraneous to the plant. A special calibrated storage tank 
was reserved for the 20 per cent, oleum made, and the 
temperatures holding at various levels in the tank were 
determined at the end of the run by using maximum 
thermometers. At the beginning and at the end, all towers 
were drained and all service tanks dipped. In the second run 
all sulphur was burnt out from the burners to begin with, and 
the same was done at the end. The results of the two runs 
are shown below : — 
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Thk Unitki) Statks Gox kknmi^nt Plant— Nitro, 
Wkst Vircinia. 

This plant was projected in 1918 to make and concentrate 
the sulphuric acid required for the production of 300 tons of 
smokeless (nitro-cellulose) powder per day.* It was decided to 
erect seven units of four “systems” each, the capacity of each 
“ system ” being about 16 tons of sulphur trioxide. Construction 
' Chase and Pierce, _/. Imi. Eng. C/tem., \<J 22 , 14, 498 . 
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of the first group was begun on 15th March, and was com- 
plete on loth June. At the time of the Armistice four 
units were complete and the remainder were very nearly so. 
Sulphur was readily obtainable and therefore chosen as starting 
material ; but it was not known whether the plant should at 
all times be operated with sulphur, so that more scrubbing 
apparatus was installed than would otherwise have been 
thought necessary, and the sulphur burners were so placed 
that pyrites-burners could be substituted if they were required. 
From the standpoint of sulphur consumption a little of the 
possible efficiency was sacrificed in order to economise platinum. 
To save fuel by installing regenerative converters was not 
considered worth while, for such plant could not be obtained 
for a long time. The floor space required for the seven units 
was about 300,000 sq. ft. The converter buildings had steel 
frames; those enclosing the absorption plant had timber 
frames. 

A plan and a section of two “systems’" (/>.,of halfa unit) 
is given in Fig. 103. 

Burners and Burification System , — The sulphur was brought 
by rail and unloaded into concrete storage - bins and was 
removed from these to the burners in wheel-barrows. The 
rotary burners were of the Glen Falls type, 4 ft. in diameter by 
16 ft. long. A cast-iron combustion chamber was placed after 
each burner, and following this was a series of cast-iron gas- 
cooling pipes (presumably air-cooled). From these pipes the 
partially cooled gas was led into the first of two scrubbing 
towers, each made of lead lined with acid-proof brick, filled 
with quartz, and 8 ft. square by 20 ft. high. Between these 
two towers there was a water-sprayed gas-cooler consisting of 
750 ft. of l6-in. lead pipes, each 45 ft. long, connected in such a 
way that they formed a coil in a rectangular block four pipes 
high and four pipes wide. The hot gas entering the first tower 
was cooled by contact with dilute sulphuric acid running down 
it, and this acid was at the same time concentrated sufficiently 
to be passed down the second tower to 80 per cent. HgSO 
The effluent from the second tower was returned for concentra- 
tion to the first. The heat of the burner-gas was therefore utilised 
to some extent, and the gas was scrubbed and partially dried. 
It is essential for the success of this cycle of operations that 





Half Plan of Unit 

Fig. 103. — U.S. Government Grille Plant, Niiro, West Virfjini: 
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the coolers placed between the two towers should act well. 
Some difficulty was found in keeping the system in balance ; 
at one time acid would accumulate ; at another the addition 
of stronger acid from the absorbing system was required to 
prevent the acid in one or other of the scrubbers from falling 
too far in strength. 

From the second tower the gas was led to the coke filter by 
a leaden pipe. This pipe ran from the top of the tower across 
the top of the converter building on a steel platform, as may be 
seen from the elevation in Fig. 103. The coke filter was a lead 
box 30 ft. long, 12 ft. wide, and 10 ft. high, reinforced with 
timber, and filled with coarse coke at the bottom, and from 3 to 
4 ft. of fine coke at the top. The gas passed from the bottom 
at one end of the box to the top at the other. Each “ system 
had one coke filter. Next in order were the mineral-wool filters. 
Each was of cast-iron 6 ft. in diameter, and was connected to the 
coke box by a i6-in. lead pipe. Inside it were two lead screens 
supported by lead covered pipes, and on each screen was a 
layer of cotton fibre i in. thick, and one of mineral wool 8 in. 
thick. The gas passed downwards through the filter and was 
discharged into a 16-in. header. Five of these filters were 
provided. The purification being almost complete, the gas 
was led through a steel pipe to the bottom of the final 
quartz-packed drying tower, down which 98 per cent, acid from 
the 98 per cent, acid section of the absorption system was 
sprayed. From this it passed to a steel tower filled with coke, in 
order that any spray carried over from the drying tower might 
be eliminated. The gas then passed to the blower which had a 
capacity of 3000 cub. ft. per minute and was electrically driven. 
That portion of the plant which has so far been described was 
therefore under suction, the remainder under pressure. Each 
** system ” had its own blower. 

Coptversion Sjs/cm. — Each “ system ” was also provided with 
a double preheater, heated by two gas burners, and comprising 
two heating chambers fitted with pipes, and two combustion 
chambers. The gas entered the cast-iron from a 

header running across the front of the heating chamber, and 
passed out at the back into a similar header. In this way the 
gas was raised in temperature to about 400'', and was immedi- 
ately led to the converters. For each “ system ” there were 

2 G 
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four converters of the simple shelf type, each containing five 
shelves. No attempt was made to economise heat by fitting 
heat exchangers, for the necessity of rapid construction forbade 
any elaboration. 

The magnesium sulphate mass was sized from 0 25 in. to 0*75 
in., and was platinised after sizing, the percentage of platinum 
varying from 01 5 to 0-30 per cent. The richer mass was 
placed in the layer through which the gas passed first. As 
a preliminary to conversion the mass was heated up as 
usual, with a current of hot air. In ordinary circumstances 
the gas entering the converter contained about 5*5 per cent 
of dioxide. 

Absorption Systeni . — The converted gas leaving the con- 
verters at 500^ to 550° was conducted by pipe lines to gas- 
coolers, the first section of which was of cast-iron, the second of 
steel. For each “system” there were 90 ft. of 12-in. cast-iron 
pipe, followed by 500 ft. of 1 2- 5-in. steel pipe, the whole being 
joined in one length, and in the steel section, fitted with 
arrangements for water-spray. These coolers were in tlic open 
air close to the absorption-house. The first absorber was a 
steel shell 5 ft. in diameter and 1 1 ft. high, brick-lined and 
packed with quartz. Down this tower was sprayed acid which 
had previously been used in the final absorbers, and the 
spraying was continued until each lot of acid had been circu- 
lated through the tower about ten times, and had reached a 
concentration of about 27 per cent, of free trioxide. A second 
absorber was added later in order to increase this to 40 per 
cent, and the gas leaving the first was then carrier! to the 
second. Oleum of about 16 per cent, was made in the second 
absorber under this arrangement, and was then concentrated 
to 40 per cent, in the first The final absorption was carried 
out in steel towers 7 ft in diameter and 15 ft. high, lined 
with acid-proof brick and filled with quartz. Acid of 99 or 
100 per cent was maintained in circulation round these 
towers, and also round the final drying .system, by means of 
cast-iron pumps. Coolers for the acid, both for that in 
circulation and that run off for use on other parts of the 
factory, were made of comparatively short lengths of 30-in, 
cast-iron pipe. 

There were, therefore, eventually two initial and one final 
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absorbers for each “system,” with coolers. The feed to the 
absorption system was recovered spent acid from the nitration 
of cellulose, and with this was mixed the weak acid produced 
by the operation of the purification plant. The gas at the 
end of the process passed out to the air through a spray- 
catcher fitted at the foot of the outlet stack. 

The concentrated oleum produced was very liable to freeze 
in cold weather. It is stated that this difficulty was overcome 
by mixing it, when necessary, with a prepared mixture of nitric 
and sulphuric acids. 

This plant, and also the great du Pont installations at 
Hopewell, have now been dismantled. 

Gkili.o Plant ok tuk U.S. Naval Proving Ground. 

This plant, a small installation with no regenerative 
apparatus, and the simplest possible absorption system, was 
erected in 1907 at the U.S. Naval Proving Grounds, Indian 
Head, Me.,^ for the manufacture of acid used in making 
smokeless powder. It was designed by the New Jersey Zinc 
Company. 

With a rated capacity of 6 tons of ore, it was operated 
successfully fur three years, burning pyrites from New York 
and Virginia in O’Brien burners. During the two years 
previous to 1912, Louisiana brimstone was used entirely. The 
reason for changing raw materials was primarily to increase 
the capacity without enlarging the plant, and it was hoped 
incidentally to reduce costs, notwithstanding the large increase 
in price per unit of sulphur. These expectations were fully 
realised. 

The burner is housed in a detached frame building 
19 ft. X 32 ft., with the sulphur store sheds adjacent. A frame 
building 52 ft. x6o ft. contains the conversion and absorbing 
systems. The gas cooling and purifying systems are in 
the open at the rear of the buildings, in part protected by an 
open shed. 

77 ie Burner is the Tromblcvs and Pauli burner and has been 
found most satisfactory. It consists of a horizontal cylindrical 

* Patterson and Cheney,/. Ind. Eng, Chem.y 1912, 14 , 723; Chem^ 
Trade 1912, 61,293. 
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iron shell 8 ft. long and 3 ft. in diameter with conical ends, 
revolving on its axis once in two minutes. At one end is a 
hopper and worm feed with sliding dampers. The other end 
connects with a rectangular cast-iron box of 37 cub. ft. capacity, 
provided with sliding damper and vertical cast-iron uptake 
pipe. This pipe leads to a brick dust-catcher such as is 
ordinarily used with pyrites-burners. The dust catcher merely 
cools the gas, as no appreciable amount of sulphur is carried 
beyond the combustion box. 

The burner is rated at 5500 lb. per day, but there has 
been no difficulty in burning 6000 lb. per day. Before the 
hopper is filled, the sulphur needs no other preparation than 
breaking u[) large lumps with a shovel. When forced along the 
worm, the sulphur melts just before it is dropped into the body 
of the burner, and a sufficient amount of melted sulphur is 
always present to form a complete liquid coating on the inside 
of the shell as it revolves. The combustion of any sulphur 
which is volatilised from the cylinder is completed in the 
combustion box and vertical uptake. 

The special advantages of this burner are case in control- 
ling composition of gas, low cost of upkeep, and freedom from 
losses. Once in about two months it is necessary to clean out 
the dross which collects in the cylinder. To do this, or to 
prepare for a shutdown for repairs in any other part of the 
plant, the sulphur charge is allowed to burn out completely. 
Any residue in the cylinder is then easily removed with a hoe. 
Starting the burner after cleaning, or even when it is cold, is a 
simple operation and no losses occur. 

The Purifying System . — At the exit of the dust catcher, the 
gas has cooled to a temperature of about 230'. At this point 
it enters the purifying system, which consists first of 250 ft. 
run of horizontal lead pipe arranged in tiers in a wooden rack. 
All gas passes through this length of pipe. This pipe is 
cooled by a water-spray, and here is deposited a small quantity 
of weak sulphuric acid formed in burning the sulphur. The 
acid deposited is, however, slight in comparison with the 
amount collected at the same point when pyrites was burnt. 
The lead pipe connects with a large lead-lined box containing 
coke, and here a further deposit of weak acid is obtained. Up 
to this point is formed also a slight deposit of carbonaceous 
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matter from the asphaltic material which the Louisiana brim- 
stone always carries in small quantities. 

From the coke box the gas passes to two wet scrubbers 
in tandem. Each scrubber outfit consists of a vertical lead 
cylinder with a conical top, about 4 ft. high, a lead pot pro- 
vided with lead cooling-coils for water, and an air-lift for 
circulating constantly a stream of sulphuric acid from the 
pot to the scrubber. The scrubber is divided horizontally 
by a perforated diaphragm. The acid washes and dries the 
gas thoroughly, and flows out through pipes in a weakened 
condition to the pot. A pot holds 2500 lb. of acid, and is 
constantly strengthened to a gravity of 175 by the addition 
of strong acid. The excess acid formed at this point is collected 
in an egg, and can be forced by air pressure to the weak acid 
supply used for the absorbing system. The air-lift was designed 
to replace the ordinary bubbler formerly used. Only 5 lb. air 
pressure is used in raising 80 lb. of acid per minute, and the 
top of the lift is gas-tight, the air being piped to the gas 
system, so that any loss of sulphur dioxide at this point is 
prevented. 

From the scrubbers the gas pa.sses to a second lined coke 
box exactly like the first one, and from thence to a pair of dry 
filters in parallel. Each dry filter consists of three super- 
imposed lead-lined iron trays luted together. Each tray 
contains a mat of dry asbestos supporting a quantity of slag 
wool. A reserve set of these filters is kept ready for use, as 
they require to be renewed about once every four weeks. The 
entire charge for two filters is 30 lb. of asbestos and 400 lb. of 
slag wool. The di*)' filters complete the purification process 
and the gas is then carried into the main building. Through- 
out the purifying process the gas comes in contact with no 
other metal than lead, but beyond this point cither cast-iron or 
wrought-iron is used entirely. 

Within the house the gas is first passed through a positive 
pressure blower, by regulating the speed of which the composi- 
tion of the entrance gas is controlled, and the movement of the 
gas through the whole system is completed. Manometers on 
either side of this blower show a suction of 15 in. of water 
and a pressure of 075 in. of mercury. 

The Conversion System , — The next stage of the plant 

2 G 2 
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comprises a preheater and converter. The preheater is a 
series of vertical iron (J-pipes and heaters housed in a 
furnace heated by coal. In this the gas is heated to an initial 
temperature of 380°, which is required for proper catalytic 
action by the contact-mass. 

The converter is placed close to the preheater, and is a 
vertical cast-iron cylinder 6 ft. in diameter and 81 ft. high, 
composed of five horizontal sections. Each section contains a 
wire mesh tray for supporting the contact-mass, and a baffle to 
properly spread the gas. The Grille contact-mass contains 
0-2 per cent of platinum. A total quantity of 59 ^ of 
mass in coarse granules is spread on the trays to a depth of 
14 to 16 in., leaving a space of about 6 in. between sections of 
mass. The gas enters the bottom of the converter and leaves 
at the top, pyrometer tubes being provided to read the gas- 
temperature. After the converter, the gas passes through 
180 ft. of iron pipe to the absorber. This pipe is air-cooled, 
in order that the temperature of the gas may be low enough 
for good absorption. 

The Absorption Systenu — There are a tower absorber, an acid- 
cooling pipe, weak acid reservoir, mixer, a lead tank for strong 
acid, a pump, and a collecting tank. The tower is a vertical 
cast-iron cylinder 15I ft. high resting on a cast-iron base, the 
top being covered by a perforated plate. From the centre 
rises the exit-pipe for waste gases. The tower is lined with 
acid-proof tile and packed with quartz rock. The gas enters on 
one side near the bottom. A constant stream of acid is supplied 
by the pump to the top plate, percolates through the mass 
of quartz, and passes out at the bottom of the tower to the 
cooling pipe. This is a horizontal water-cooled U"P*P^> 
leg of which carries an outflow pipe connecting with the pump 
and the collector. 

The acid supplied to the top of the tower is kept at a 
temperature of 70*", and has a strength of 99- 5 per cent. H0SO4. 
The strength of the acid leaving the bottom of the tower is 
reduced by the constant addition of a small stream of 75 per 
cent. H2SO4 just before it enters the cooler. 

The reservoir for this weak acid, the mixer, and the strong 
acid lead tank are mounted on a platform in the centre of the 
building at a sufficient elevation for the acid to run by gravity. 
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The reservoir is an open lead-lined box holding looo gallons. 
The mixer is a lead pot provided with lead coils for cooling 
water, and a special mixing pipe in which water and strong 
acid are brought in contact 

The mixing pipe consists of two heavy f-in. lead pipes set 
at an angle of 30", and held together by a heavy lead sheath 
burned on to a short length of 1 i-in. lead pipe. One of the 
J-in. pipes carries strong acid from the lead tank, and the 
other ordinary cold water from the mains. The i^-in. pipe 
serves to carry the hot mixture to the pot without spatter. 
This form of pipe requires a minimum of repair, and mixes 
about 5000 lb. of 75 per cent, acid per hour. The lead tank 
has a capacity of 18,000 lb. of strong acid. 

The product of the plant passes through a scale tank and is 
delivered to the nitric acid plant, where in winter weather it 
is mixed with 2 per cent, nitric acid to prevent freezing. The 
entire product can be delivered as 99*5 per cent. H.2SO4, but 
for use in making nitric acid a portion is reduced to 94 per 
cent. IIoSO^. 

In this plant, using Louisiana brimstone for eighteen 
months there had been no indications of poisoning, and 
the converter had not been opened. The temperature of 
gas entering the converter was kept constantly at 380 , and 
conversions were regularly 95 to 95*5 per cent. This low 
temperature means a decided saving in coal, and in wear 
and tear of the preheater. During six months the average 
consumption of coal had been 21-8 lb. per 100 lb. of 
trioxidc made. An entrance of gas of 6-5 to 7 per cent, 
was regularly used. During six months under the above 
conditions, the average make had been a little more than 
7 tons of acid per day, and the average yield on sulphur fed 
to the burner 93 36 per cent. The plant can make a maximum 
quantity of 8 tons with a yield of 90 per cent. Comparison 
of cost sheets showed that by changing raw materials from 
pyrites to brimstone, the cost of manufacture had been reduced 
nearly two dollars per ton of 98 per cent. acid. This reduction 
was due in part to reduced losses from shutdowns for repairs, 
in part to increased yields, and in part to saving in coal and 
reduction of the cost of upkeep. 
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Grillo Plants burning Pyrites. 

Before 1914 a number of Grillo plants were burning pyrites 
or zinc blende on the Continent and Overseas, but in this 
country there was none, nor, indeed, a complete Grillo plant of 
any kind. In France and Belgium, where the oleum production 
before the War was very small, there were several small installa- 
tions at St Gobain and elsewhere. During the War a number 
of plants, some of them of very large capacity, were erected in 
both Great Britain and France, by the Simon-Carves Company. 
At the Dalton works of the British Dyestuffs Corporation a 
large installation of twelve units designed to produce 120 tons 
of 20 per cent, oleum per day, was put up in 1915. At the 
works of the United Alkali Company at Widnes and St 
Rollox units each of 20 tons capacity were erected, a similar 
unit being built for the Cleckheaton C'hcmical Company. 
There is also a 15-ton plant in Wales, designed to burn zinc 
blende, and a lO-ton sulphur-burning unit was erected by the 
same firm for the Japan Dyestuffs Corporation. 

The Paris house of the same firm {Entreprises Simon 
Cari'^s) also erected plants in the following situations (the 
capacity is in each case .stated in tons of 20 per cent, oleum 
per day): Poudrerie Nationale de Saint-Chamas, 100 tons; 
Miramas Works, 45 tons ; L’Estaque Works of the Etab/isse- 
vient Kuhlmann, 20 tons (these three were p}Tites-burning 
plants); SocUtc Roy ale Astiiriennc des Mines Aviles^ 40 tons; 
Pennaroya Works, 20 tons; Tonnay-Charente, 40 tons (these 
three burnt zinc blende). There was in addition a plant 
at the Poudrerie Nationale de Bergerac^ which was to have 
a capacity of 120 tons, but was dismantled at the time of 
the Armistice and fitted up again in the Kiihlmann works at 
Loos and La Madeleine. Of the plants built by the Company 
in France, those which were working during 1922 were situated 
in the Kiihlmann works at Rouen, 20 tons ; L’Kstaque, 20 tons ; 
Loos, 60 tons ; and La Madeleine, 90 tons. All these four works 
burns Spanish pyrites.^ 

On the plant of the British Dyes Corporation, each unit 
has a Moritz burner, capable of burning 10 tons of pyrites 

* Information kindly supplied by the Simon-Carvds Company. 
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fines per day. This burner has eight shelves and the ore is 
fed in by a plunger-feeding mechanism, the stroke of the 
plunger being variable. The central shaft is cooled by forced 
air draught, and the five upper arms are also cooled by in- 
ternal air circulation along the arm and back over a dividing 
feather into the interior of the shaft again. The hottest 
shelves are the third and fourth, and the burnt ore from the 
last shelf is quite cold. Admission of air to the shelves is 
controlled by small slides. The shaft rotates once in about 
three minutes. In this burner the percentage of sulphur in the 
cinder can be reduced to 1-5 or 2 0. All the twelve burners 
are placed in a single burner-house, and several movable 
platforms, travelling on overhead runways, are fitted for 
access to any of the furnace doors. The burner works well 
and does not run too hot. The layout and the working of 
this portion of the plant are very favourably regarded. 

Following the burner, in the plant as first erected, was 
a dust chamber containing a number of brick-built compart- 
ments, through which the gas passed in succession. A brick- 
lined steel pipe led to this from the burner. Leaving the 
dust chamber, the gas passed into the bottom section of the 
first acid wash-tower, constructed with lead, lined with brick, 
and supplied with acid very much as in a Glover tower. A 
certain amount of concentration of acid took place here, and 
the washing process was carried further by passing the gas 
into a second tower, constructed in the same way as the first 
but filled with coke instead of with bricks. Leaving the second 
tower the gas was drawn through three filters in succession, 
each being constructed of lead in the usual way, and filled 
with coke. After passage through a single drying tower of 
lead, the gas issued to the conversion system by the Roots 
blower which followed next in order, and was coupled in the 
ordinary way to a grease-catcher. 

The conversion system consisted of two jacketed converters 
similar to those of the D.E.S. Grille plants, and two gas-fired 
preheaters also of somewhat similar design. Each of the four 
layers of mass in the converters contained about 0-25 per 
cent, of platinum. The preheaters were required in ordinary 
operation. 

The absorption system comprised five horizontal absorbers 
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and two absorption towers of the kind described previously 
in this chapter, with appropriate pumps and coolers. 

The working of the purification system of this plant was 
defective, and after being in operation with a low efficiency 
for about four years, the plant was closed down. It should 
be mentioned that the plants in France, in which the purifi- 
cation system was built on a more liberal scale, have operated, 
and are still operating in a more satisfactory manner. 

Modifications have now been carried out on part of the 
plant of the British Dyestuffs Corporation which have proved 
very successful After the burners have been installed a Cottrell 
dust precipitator capable of taking the gas from two burners 
in each of the two halv^es into which it is divided. The 
negative electrodes are steel rods and the positive electrodes 
steel plates stiffened with angle iron. A voltage of about 
60,000 is employed. The temperature throughout the pre- 
cipator is much above that at which sludge can form, and 
the perfectly dry dust falls into shutes from the ends of which 
it is removed by a chain-extractor. All but a few per cent, 
of the dust from the burners (which represents on the whole 
about 3 per cent, of the weight of the cinder) is thus removed. 

The gas from two burners from each half of the 

precipitator) is then led to two acid wash-towers in series, as 
on the old unit, and passes from the second of these towers to a 
Cottrell mist precipitator. This consists of two leaden cylinders 
containing a number of lead tubes through the axis of which 
the negative electrodes pass. All but a few per cent, of the 
mist particles are then taken out. Next in order are two 
coke filters in series, of augmented size, filled with coke which 
has been carefully sized and washed. 

In order to reduce the mist still further, and to absorb such 
impurities as hydrochloric acid, the gas from the precipitators 
is taken through two towers in series, down which a flow of liquor 
(initially containing about 0*2 per cent, of sodium hydroxide) 
is maintained by pumps. These two towers are the same in 
construction as the acid wash -towers, whose function they 
formerly fulfilled. Returning from them the gas is drawn 
through a washer designed on the lines of a Livesey gas- 
washer. On entering the washer the gas is sprayed in the 
pipe with fresh alkaline liquor, and then receives a very 
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thorough scrubbing by bubbling through the alkaline liquid 
under numerous series of serrated edges. The liquor from this 
washer is removed by overflow and is supplied to the circulation 
tanks of the alkaline wash-towers. To remove spray from the 
gas a “ stripper is provided in the form of another coke-filled 
leaden filter, and after making its way through two drying 
towers in series, the gas is ready for conversion. To the 
conversion system heat-exchangers have been added. 

This system is an interesting one, combining as it does 
the features of acid cooling and washing, electrical precipitation 
of both dust and mist, and scrubbing with alkaline liquid. It is 
giving excellent results.^ 

In another unit erected in the North, shortly after the 
Dalton plant was completed, two Moritz burners were fitted, so 
that the capacity of the plant was about 20 tons of 20 per cent, 
oleum. The purification system was different from that of the 
first plant to be described. After the two acid wash-towers, 
was installed a battery of ten filters, made of lead and packed 
with quartz, and similar in construction and arrangement to the 
filters of the Tcntelew plant. After these came two brick-lined 
cast-iron towers packed with acid-proof rings, down which a 
liquor (made up to contain 0*5 per cent, of sodium hydroxide) 
was circulated by Marcus Allen pumps. Then followed a 
“ stripper,” three cast-iron, brick-lincd drying towers, and an acid 
spray-catcher, also of cast-iron, with connections of the same 
metal. The gas was then drawn through an equaliser into the 
blower. 

The introduction of washing with bisulphite solution in 
packed towers, and the substitution of the small Tcntelew 
dust-catching filters for the ordinary large coke-filled vessels 
did not prove to be a success, and the plant ran only for a short 
time. 

* For this ingenious and very adequate transfonnalion of the plant, Mr 
S. Robson and the staff of the British DyestutTs C.'orporation arc responsible. 
Acknowledgment is due to the Corporation for permitting the publication 
of these facts. 
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THE TENTELEW PROCESS 

The processor the Tentelew Chemical Company was worked 
out by Eschellmann and Ilarmuth, respectively technical 
manager and chief engineer of the firm, and the patents 
were taken out in the name of the three parties. Until 1886 
all the fuming sulphuric acid consumed in Russia for the manu- 
facture of lubricating oils from crude naphtha had been imported 
from abroad at the abnormally high price paid to the Bohemian 
firm of Starck. In this year the work of the Tentelew Company 
began. Many experiments were made ; one apparatus was 
replaced by another, and in the course of years many processes 
were tried out on a large scale before a satisfactory and 
economical one was found. In the end success was attained, 
and the consequent fall in the price of fuming acid in Russia 
led to a great extension of the Russian petroleum industry. 

It has been stated by the firm ^ that the first acid produced 
by them (100 per cent. H2SO^) was sold as far back as 1886, 
and that the main features of the process were used by them 
from 1894 onwards. The inventions were first announced in 
1901, when the Company applied for foreign patents in most 
countries. 

These applications were vigorously contested by the Badische^ 
but the opposition failed. The German Patent Oflficc decided 
in 1905 that the Tentelew method of purification, for which a 
patent had been sought in 1901, was actually the result of 
original inventive action, and in .spite of the Badiseke's 
representations a patent was granted in 1907. It was 
acknowledged that specially valuable advantages were secured 
by the successive removal of sulphuric acid and of chlorine 
compounds from the burner-gas. 

^ Communication to Lunge. 

I4S 
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The Tentelew purifying process was characterised by dry 
filtration and separation of the fog before washing, and by the 
application of alkali for purifying the gases, thus introducing a 
chemical purification, whereas the Badische process of purifying 
by means of sulphuric acid employed mechanical and physical 
means. The great advantage of the Tentelew process was 
proved by the fact that the same contact-mass had been 
working in their first large contact-apparatus for nine years, 
and still yielded a 97 per cent, conversion. 

The following comparison shows the main differences 
between the Tentelew purification process and that of the 
Badische at the time when this question had been fought out : — 


Badische, 

1. Addition of aqueous vapour to 

the hot burner-gases. 

2. Cooling. 

3. No filtration. 

4. Washing with sulphuric acid for 

the purpose of removing the 
sulphuric-acid fog. 

5. No treatment with alkali. 


Tentelew. 

1. No such addition is made. 

2. Cooling. 

3. Dry filtration and separation of 

sulphuric-acid fog. 

4. No such operation. 

5. Washing with alkaline liquor. 


During the first year of working efforts were mainly directed 
to producing cheaper fuming acid, but, later, attention was 
turned to the production of ordinary acid, the object in view 
being to dispense with the lead-chamber plants. The Badischcy 
their competitors, were the first to do this: the Tentelew 
Company followed suit. Finally, the antagonism between 
the two was resolved by an agreement by which the interests 
and experience of the two firms was shared. The Badische 
is now involved with the other large German firm in the 
Interesscngcmcinschaft, but the close relations with the Tentelew 
Company are still understood to hold. 

By 1911 the process had been sold to Nobel Brothers 
at Baku (2 sets), Steaua Romana Company at Gampina 
(Roumania) ; Mcrrimac Chemical Company (at Boston, 2 sets); 
General Chemical Company, New York; Weiler-ter Meer at 
Uerdingen (2 sets); Dynamite Nobel at Hamburg (3 sets); 
Kopparbergs A. B., at Falun; Oehlrich & Company at Riga; 
Uschkoff & Company at Kasan. At the end of 1911 ^ 24 sets 
* Chem, Zeif.y 1912, 218. 



350 


THE TENTELEW PROCESS 


of the Tentelew apparatus for 4000 tons of trioxide each were 
at work in Russia, Germany, Roumania, Sweden, America, and 
Japan. 

Tentelew plant was erected by Nobel’s Explosives Company 
shortly before the War, and the Mannheim plant which they 
had formerly worked was superseded. This firm, the chief con- 
stituent company of Nobel Industries, Limited, has now four 
units of Tentelew plant of modern design at their Ardeer works. 
During the War a large Tentelew plant of six units was erected 
by this firm in the cordite factory at Pembrc)', which they were 
managing for the Department of Explosives Supply. A similar 
plant of two units was also erected at the Royal Naval Cordite 
Factory at Holton Heath, and is still in operation. 

In Italy the oleum plants built during the War were mostly 
of the Tentelew design. Two units were installed at Cengio by 
the Sodeta Italiana Prodotti lixplodcfiti^ and three more were 
built by the Union Concini, two at Bovisa and one at Vicenza.' 
There are also plants in Japan, in the Baeycr works at 
Ludwigshafen, and at Schlebusch. 

The following is a list of the Tentelew patents in this 
country, the United States, France, Germany, Belgium, and 
Italy. 

(<?) Contact Process. ~-Vi. Ps. 11969 of 1902, 20952 of 1904, 
23419 of 1909; U.S. Ps. 792205 011905,937148; Fr.Ps. 321275 
of 1902, 3778 of 1904 (addition), 407914 of 1909; Belg. Ps. 
163469 of 1902, 179782 of 1904, 219865 of 1909; Ger. Ps. 
178762 of 1904, 227095 of 1909; It. P. 139, vol. cliii., p. 189, 
vol. exevi., p. 314, vol. Ixxxvi. (/^) Gas Purification — B. P. 
12213 of 1907; Fr. l\ 379565 of 1907, 194176, 230585 of 
1910 ; Belg. P. 199923 of 1907; It. 1\ 21 1 (vol. cclxviii.) 
of 1907. (c) Absorption Apparatus — B. P. 22095 '9<^7 i 

Fr. P. 382081 of 1907; Ger. P. 21 1999 of 1907; It. P. 187 
(vol. cclxi.). {d) Burner-gas Cooler — B. P. 14670 of 1911; 
U.S. P. 1078841 of 1913. 

The distinctive features of the Tentelew system are found 
in the purification and conversion systems. Either pyrites or 
sulphur can be used. The burner-gas is cooled to the 
temperature of filtration by pas.sage into a leaden gas-cooler 
of special design surrounded with water, and is then freed 
* Cantimorri, Giorn, Chim, Ind., cd. App., 1923, 10, 66. 
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of the greater part of the residual acid and solid matter by 
passing through quartz filters adapted for cleaning out when 
necessary. It is then washed in a bubbling tower with a number 
of compartments, into which is fed at the top a dilute solution 
of sodium hydrate. After being deprived of spray, dried, and 
passed through filters to remove mechanically carried particles 
of drying acid, the purified gas is forced, by means of a blower, 
which on modern plants is of the turbine type, through the 
preheater and converter. Platinised asbestos is used as 
contact-mass, and the comparatively high concentration of 
platinum in conjunction with the use of an efficient type of 
tubular heat exchanger makes it possible in some cases to run 
without the use of fuel for heating the gas to the temperature 
of reaction. The converter has special features which have 
already been indicated. The converted gas is cooled in tubular 
coolers, and passes to an absorption system consisting of several 
absorbers of the bubbling type, the arrangement of which may 
be varied to meet the requirements of the plant. 

No metal but lead is in contact with unpurified burner-gas. 
The cooling, washing, and drying towers arc usually cast in 
flanged annular sections. P'lach section is suspended from a 
steel su{)porting structure by means of a collar passing round 
it, and tie-bolts attached to the collar. In this wa\' any section 
is relieved of the main part of the weight of those above it, 
and the tendency to collapse is minimised. 

Contrasting the plant with the less developed Grille and 
Mannheim systems, which, with one or two exceptions, are 
the only others adopted in this country, it is seen to have a 
more efficient purification system, simpler and better heat- 
regeneration apparatus, and on the whole a greater flexibility 
in operation. On account of the use of a gas-washing tower, 
of a comparatively closely packed converter and of bubbling 
absorbers, the pressure at which the gas is drawn or forced 
through the plant is high, and a greater expenditure of power 
IS therefore necessary. 

The ensuing descriptive notes (Plant A) apply in general 
to Tentelcw plant of modern design, but to no particular 
installation. Plant B is older, and represents an earlier 
stage of development. In the first case the unit has a 
capacity of about 1 1 tons of trioxide per day, in the 
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second it is about 5 tons. Plant A burns pyrites, Plant B 
sulphur. 

Tentelew Plant (A), 

In plants of this type pyrites is burnt in rotating mechanical 
burners, and has consequently to be crushed and screened first 
of all by passage through jaw crushers and rotary screens. 
The crushed ore, sized to about | in. and under, may be carried 
to the burners on an overhead runway and tipped into the feed 
hoppers. A semi-automatic weighing machine is often built 
into the runway. 

The order in which the various elements of the unit are 
connected with one another can be seen from the illustration of 
Fig. 104, which is diagrammatic only. In a modern installation 
the plant is set out as far as possible in one straight line. 

The Pyrites Burners . — To each unit two mechanical furnaces 
may be fitted, each having a nominal capacity of 5 tons of 
pyrites a day, and a third is sometimes provided as a standby. 
These burners are in some cases of the Lurgi type, and are 
similar in general construction, although not in detail, to 
Herreshof furnaces. Each consists of an upright cylindrical 
steel shell about n ft. 6 in. in diameter by about 15 ft, high, 
and inside this shell is a brick structure consisting of seven or 
eight circular hearths, one above another. Through the centre 
of these hearths passes a vertical shaft which is kept cool by 
air convection, and at each level, cast-iron rakes are fitted into 
the shaft by a locking device. As the shaft rotates, the rakes 
revolve and stir the whole surface of the charge on each shelf. 
The teeth of the rakes are set to impel the charge inwards and 
outwards on alternate shelves. In each shelf are two holes so 
arranged that the ore is worked to the outside on one shelf and 
then falls through a pair of holes on to the shelf below. Here 
the set of the teeth of the rakes causes it to pass towards the 
centre, where are two holes delivering it to the next tray, and 
so on. The ore is supplied at the top of the furnace from a 
hopper provided with a worm feed driven from the main shaft 
The passage of air between the revolving shaft and the bottom 
tray is prevented by the provision of a lute packed with sand, 
burnt pyrites, or fine quartz, in the usual way. The usual rate 
of rotation of the shaft and arms is about half a revolution 
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Fig. 104. — Tcnlelew Plant (A), Diajgjam of Gas-Conncctions. 
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in a minute. For each group of two furnaces, a motor drives 
a main shaft to which pinions arc attached bearing on 
the horizontal bevel wheels of the furnace shafts. A suitable 
reduction of the speed of the motor is obtained by rcducing- 
gear. The burnt ore drops out of a hole in the bottom tray 
into a closed iron box running on rails. Doors are provided 
to give access to each shelf ; there are also inspection-plugs 
and small ports with sliding shutters by which the entrance 
of air to the trays can be controlled. 

The temperature maintained in the three top shelves is 
round about 750'' with pyrites containing from 48 to 50 per 
cent, of sulphur. The lower shelves arc not so hot. If the 
full amount of 5 tons is burnt each day, the temperature may 
become excessive, and as a result, slag is apt to form. This 
is most likely to occur on the first shelf, but No. 3 is usually 
the hottest, and here the heat is most likely to damage the 
arms, by causing them to bend upwards and finally to break. 
When an arm is broken the access-doors are opened and the 
pieces removed, the slag is taken out from the shelf and a 
new arm, preferably fitted previously to a similar shaft, is 
inserted. If the pyrites is too fine, slagging will occur. The 
amount of residual sulphur in the cinder depends, of course, 
largely on the nature of the ore, but a final content of 2 per 
cent, is not unusual. 

The gas from the burners issues at the top into a cast-iron 
main about 3 ft. 6 in. in diameter, lined throughout with 2 in. 
of fire-brick and provided with dust chutes and scrapers for 
cleaning. Through this main the gas passes to a dust chamber 
of the Howard type. The chamber is built of brick, bound 
with steel channels and tie-rods, and is divided by a longitudinal 
wall so that one half can be cleaned out while the gas is passing 
through the other. To effect these changes a number of cone 
valves operated by geared winches arc fitted to the inlet and 
outlet parts of the chambers. Each chamber contains a large 
number of steel sheets, all placed horizontally, from 3 in. to 
6 in. apart. The cleaning of a dust chamber, of the outlet 
pipes from the burners, and of the gas-main is carried out 
at regular intervals, the length of which is ascertained by 
experience. 
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Purification System. 

The Burncr-gas Cooler , — Leaving the dust chamber, the gas 
passes into another cast-iron main about 3 ft. wide, lined with 
brick, from which also the dust has to be removed at intervals, 
and then enters the burner-gas cooler — one of the special 
features of the Tentelew design. This vessel is about 22 ft. 
high in all, and consists of a cylinder made up of five sections 
of cast-lead rather more than i in. thick and about 8 ft. in 
diameter, which are built up on a strong cast-iron ring about 
10 ft. in diameter standing on four cast-iron pedestals. The 
construction of this cooler can be made clear from the description 
given in the patent of 1910, which differs from actual present 
practice in certain respects, but is nevertheless essentially 
applicable. The cooling of hot gases to the temperature 
necessary for purification, in one operation, is a matter of 
great difficulty, for leaden tubular coolers are apt to be 
destroyed rapidly by the action of hot acid and the formation 
on them of hot crusts of flue dust. These drawbacks are 
avoided by using hollow plates, as shown in Fig. 105. The 
left side of the elevation is a vertical cross-section on the 
plane CD ; the right side is an elevation at right angles to the 
first. The upper half of the plan is a horizontal cross-section 
on the plane AH. 

The apparatus consists of a preliminary cooling section 
into which the gas enters through the attached to 

the main; the main cooling space a of four sections; an outlet 
chamber /, and a trough g^ where the condensed acid forms a 
lute for the whole cooler. The inlet pipe passes into the 
dome of the cooler through a loosely packed joint. There is 
therefore no rigid connection, and expansion of the leaden 
dome is not restricted. Each of the rings //, which form the 
cooling chamber proper, is cast with three parallel hollow 
diaphragms, /, /, which, in plan, form complete chords of a 
circle. The upper edges of these diaphragms are inclined 
downwards to the centre, so that overheating cannot be caused 
by air or steam being trapped in contact with the hot walls. 
Stays /t, k keep the diaphragms in place, and the weight is 
borne on bosses which are placed between each pair. Round 
the whole cooler is a water jacket of steel plate / ; and into 
this water enters at in. The water enters and leaves the 
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interior of the diaphragms through slits o. Stiffening to the 
plates is provided by numerous cross-stays r. 

The gas passes into b and is partially cooled there by 
contact with and radiation to the cold walls, and then travels 
downwards through the four channels into which the plates 
divide the cooler. Condensed acid and sludge fall into the 
lower trough and are cleaned out at intervals. The inside may 
be cleaned by washing out with water through the holes 

In later designs there are only 
three cooling rings fitted with dia- 
phragms, and the weight of the 
diaphragms is taken, in part, on a 
lead-covered cast-iron pillar which 
stands in the bottom section. Such 
a cooler will require cleaning out 
about once a fortnight. 

On leaving the cooler the gas 
passes into a wide uptake about 
4 ft. in diameter and 8 ft. high, 
which serves as a sludge-catcher. 

This also is made of heavy cast- 
lead, and is fitted with a lute 
through which acid and sludge can 
be removed. A sketch of this up- 
take is given in Fig. io6. From 
the sludge-catchcr the gas is carried 
to the filters by a 24-in. lead main. 

The Filters . — For each unit, eight 
filters are provided, which, as is shown in Fig. 106, may be 
arranged in two sets of four. The gas divides from the main 
into four streams and each stream passes through one filter ; 
the streams then join and pass to a second series of filters 
arranged in the same way. An alternative arrangement is to 
have all eight filters in one set, in parallel. In each case the 
gas passes downwards through the quartz. 

Each filter has the form of a cylinder standing on end, 
about 6 ft. in diameter and 5 ft, high. It is made of lead 
weighing from 10 to 16 lb. per square foot, and has two 
stiffening-bars across the top attached by burnt-on strips. 
The sketch of Fig. 107 shows a filter in elevation. From the 



Fig. 106. — Cast-Lead Uptake 
from Burner-Gas Cooler. 
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pipe below the grid. The outlet pipe for water leaves the filter 
at the top and delivers to the drain through a lute which 
prevents air being drawn in when the filter is in operation. 
The whole apparatus may be placed on a brick pedestal 
covered with lead, and the lead covering may be continued 
between the pedestals and inclined so that waste can run easily 
to the drain. 

Much dust may be caught in these filters, and when any 
one of them is found to offer a high resistance to the gas, 
on account of the passage through the quartz having been 
obstructed, it is cleaned by flushing out with water, from the 
bottom upwards. The frequency of cleaning varies with the 
character of the ore being burnt, but one or more filters may 
be cleaned each shift, or at least three each day. 

Gas Scrubbers . — From the filters a 20-in. main leads to 
the prewasher (Fig. 108). This is a scrubber placed before 
the wash-tower and containing a single bell placed inside a 
cylindrical lead casting of about 6 ft. diameter, 3 ft. depth, and 
I in. thickness. The gas enters through the cast-lead cover 
into another concentric cylinder, the lower end of which is 
belled-out, and makes its way up through the liquid after 
passing through the serrations at the edge of the bell, or 
through four rows of holes in the rim, about .1 in. in diameter. 
Four 6-in. outlet pipes collect the gas from the annular space 
between the shell of the washer and the bell. Water connec- 
tion is provided and there is also compressed-air connection 
to two perforated half-coils which lie on the bottom and can 
be used for air stirring. The prewasher is surrounded with 
a steel water-jacket and stands in a large cast-iron tray. 

The wash-tower (Fig. 109), into the bottom of which the 
gas leaving the prewasher is drawn, comprises five or more 
superimposed cylindrical lead castings, each about 6 ft. in 
diameter and 3 ft. deep, all burnt together. In each section 
is a mushroom-shaped bubbling plate with circular rows of 
perforations, or with serrated edges and perforations as well. 
In either case the plate is very firmly fastened down to avoid 
vibration. Dilute sodium hydroxide solution of about i per 
cent, is supplied to the top of the tower from a storage tank, 
and overflows from one section to another until it reaches the 
bottom. It is then passed into the prewasher through the 
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lower of the two side pipes shown in Fig. io8, and from there 
overflows through a lute to the drain. The waste liquor 
consists mainly of dilute sulphuric acid with sulphur dioxide 
in solution. Provision is also made, as the sketch shows, for 



draining the liquid completely away from any section and so 
cleaning out the tower — an operation which is performed at 
frequent regular intervals. 

To supply the tower and prewasher with the dilute alkaline 
solution, from one to two kilos of sodium hydroxide is required 
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every twenty-four hours, the quantity used being increased if 
the arsenic or chlorine content in the gas to be dealt with 
is found or expected to rise. The completeness of the 
purification is controlled by frequent tests of the arsenic 
content of the liquid from each section of the washing tower, 
and the gas leaving the tower is submitted to the continuous 
test by bubbling through water, the solution being examined 



afterwards for arsenic. This method of purification is very 
satisfactory for pyrites burner-gases in ordinary circumstances, 
when carefully controlled by those who have had experience of 
it. No trouble is experienced from hydrochloric acid poisoning, 
and the elimination of arsenic, in nearly all circumstances, is 
very complete. 

Drying Toxvers , — The purified gas, which now needs only 
drying, passes next to the drying towers— four in number. 
Each consists of three sections $ ft. in diameter and 6 ft. 6 in. 
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in height, made of heavy sheet-lead and burnt together with a 
domed cover, and is built up on brickwork about 5 feet above 
the floor level in order to allow of an acid lute in the pipe 
through which the circulating acid flows down to the lower 
tank. Each section of the tower is supported by a cast-iron 
ring suspended from four cast-iron columns, which are bolted 
to an iron base-plate. The lower part of the tower is packed 
with acid-proof bricks to a height of about 3 ft., and above this 
is placed about 15 ft. of hard graded coke. The first tower of 
the set of four is not supplied with acid, and is used to filter 
out any spray or mist which may have been carried over from 
the washing system (“soda stripping tower” — S.S.T.). Through 
the other three, sulphuric acid is circulated by means of 
centrifugal pumps, being spread over the upper surface of the 
coke by earthenware distributing-plates. The strongest acid 
circulates in No, 3 and the weakest in No. i, provision being 
made for transference of acid from one circulation to another 
through overflow pipes, as drawn in the diagram of Fig. iio. 
The direction of the gas-current is upwards in each case. 

The strength of the acid used for drying, and the extent 
to which it is diluted in use, vary with circumstances. Care 
is always taken that arsenic is not introduced from it into 
the gas leaving this series of towers. In some cases the drying 
acid is made specially in an auxiliary absorber, and after use 
for drying is returned as feed to it. In this way there can 
be no arsenic contamination so long as the washing system 
operates properly. As water is constantly being carried from 
the drying tower to the auxiliary absorber, more acid may be 
made in this system than the drying requires, and an excess of 
either weak or revivified acid remains for other purposes. The 
connections may be as shown in diagrammatic form in Fig. 1 10. 
Acid from the absorber of about 98 per cent, is delivered to the 
covered supply tank of the third drying tower and is pumped 
to the top. It flows from the bottom of the tower through an 
overflow box, in which is a perforated lead plate to retain stray 
coke, and runs into the tank. The overflow from this tank 
runs into the next, and so on to the third, in which the acid 
may have fallen in strength to about 80 per cent. Overflowing 
from the last tower supply tank, the weak acid is raised to a 
tank which supplies the auxiliary absorber. 
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It is necessary from time to time to clear the drying towers 
from sludge which is apt to deposit in them ; especially if the 
acid, as sometimes has been the case, is that recovered from 
the spent acid mixture of nitration processes. To do this, it 
is very convenient to be able to detach one tower from the 
rest without much interruption of the plant, and connections 
designed to facilitate this are provided. An additional gas- 
main runs along the towers, and is connected with the entrance 
pipes by short lengths into which blind flanges or “spades’* 
are inserted. With the insertion of suitable “spades” in the 
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entrance pipes, and the withdrawal of two similar ones from the 
short pipes, any towers can be cut out without interrupting the 
gas circulation. The washing out can be done very thoroughly 
by filling the tower with water, but the heat of reaction between 
the water and the acid diffused in the coke is considerable, and 
care is necessary. 

In the diagram of Fig. 104 five towers are shown. The last 
is the acid-stripping tower, the function of which is to remove 
any acid spray mechanically carried over from the drying 
towers. It is constructed and fitted in much the same way 
as the drying towers, but is often smaller — about 5 ft. wide and 
10 ft high, and no acid, of course, is circulated through it The 
first is the “ soda-stripping” tower. 
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On leaving this series of towers the gas passes directly to 
the blower, having come into contact with no metal other than 
lead since leaving the dust chambers. The suction at the 
entrance to the blower represents the total resistance of that 
part of the plant which has so far been described, and amounts 
to about lO cm. of mercury. Of this resistance the washing 
tower is responsible for from 5 to 6 cm., and the drying and 
stripping towers for the greater part of the remainder. These 
figures, of course, are only rough indications, and must vary with 
the charge to the burners and the gas concentration. 


The Conversion System. 

The Bloiver , — Other types of gas-pump have been super- 
seded by the turbine blower, which has the great advantage of 
working without the pulsations which are so injurious to 
leaden plant. The Parsons* blower often used is a four-stage 
machine, run by a motor of about 75 h.p. and about 1000 r.p.m. 
To obtain the necessary speed the impeller is geared up to 
4000 or 5000 r.p.m. by double helical gearing with pressure 
oil circulation. Motor, gearing, and blower are mounted on the 
same bedplate. The pressure at the delivery is 12 or 13 cm. 
of mercury when from 10 to ii tons of trioxide are made each 
day, the gas containing from 6 to 7 per cent, of dioxide. 

After the blower an oil-filter is provided to remove any oil 
which may have been carried over. This consists of a steel 
cylinder about 9 ft in diameter and of slightly greater length, 
packed with coke on a perforated plate. It is found, however, 
that turbine blowers of the type mentioned have the additional 
advantage of passing little or no oil. From this oil-filter, 
in ordinary running, the gas passes to the “preheater,** and 
converter. 

The Heat Exchanger (or “ preheater **) is a cylindrical 
apparatus, the shell of which is about 14 ft. long, and 6 ft. 
6 in. in diameter. It contains two tube plates, and in these 
are set from 300 to 350 tubes about 13 ft. long and 2 in. in 
diameter. The hot gas from the converter passes through 
these tube.s, and the cold gas round them. A similar apparatus 
is described in the Tentelew patents, and is illustrated in 
Fig. 25. The cold gas enters at the bottom, passes upwards 
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over the tubes, and leaves at the top below the upper tube 
plate. The hot gas from the converter enters the heat 
exchanger at the bottom, and passes upwards through a large 
pipe fixed centrally into both plates, and then downwards 
through the numerous smaller tubes. The heat exchange is 
therefore carried out in counter-current. In operation it is 
found that the preheating thus obtained, in addition to that 
for which the converter itself 
is responsible, is more than 
sufficient. A by-pass valve is 
therefore fitted (shown in Fig. 

25 below the heat exchanger), 
by means of which the gas 
may be transferred to the ex- 
tent required, without passing 
through the pipes at all. A 
manhole is fitted on the top to 
give access to the tubes, and a 
drain is provided in connection 
with the bottom to remove any 
acid which may condense. 

The Converter has already 
been mentioned in the section 
dealing with converters, and it 
has been noticed that its special 
feature lies in the preheating 
and temperature - regulation 
which are obtained simultane- 
ously by the free circulation of 
the gas round the tubes con- 
taining the contact-mass. In 
the type of plant now being discussed, the converter is of the 
type illustrated in Fig. 25 and is represented in the sketch of 
Fig. III. The gas enters at the top, through a flange fixed 
to the removable cover, and passes downwards through a 
distributing diaphragm formed by light, perforated cast-iron 
plates on which asbestos is placed. The centre plate of this 
diaphragm — which serves the double purpose of filtering out 
coarse dust and acting as a gas distributor — is removable, in 
order to give access to the contact-tubes. Below this is a 
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Fig. III. — Tentclew Converter. 
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free space which amounts to a considerable fraction of the 
whole space of the converter, and is proportionately greater 
than that shown in Fig. 25. The converter is about 16 ft. high 
and 9 ft. in diameter. In a heavy tube plate at the bottom 
are set the contact-tubes — 5 in. in external diameter, about 6 ft. 
9 in. long, and 200 in number. These tubes are held only by 
their lower ends. Each tube contains from 55 to 60 malleable 

cast-iron discs on which the con- 



Fig. 1 12. 


tact-mass is placed. Fig. 112 shows 
these discs. The top of the pin of 
each disc fits into the hole in the 
base of the one above. A regular 
series of shelves is thus provided in 
the tubes, and on each shelf a fixed 
weight of mass is placed, but a few 
trays at the top and bottom of each 
tube are filled with unplatinised as- 
bestos only. Pyrometers arc fitted 


into the converter near the entrance to the tubes and in other 


suitable positions. 

On each plate is distributed about 13 gm. of platinised 
asbestos which has been carefully teased out. The percentage 
of the platinum on the dry contact-mass is from 7i to 9, and 
each converter contains from 24 to 26 lbs. of metallic platinum. 

The Superheater is similar to that represented in P'ig. 113, 
and consists of a cast-steel header about 5 ft. square and i ft. 
6 in. deep. Inside this header is a tube-plate into which are 
expanded 120 steel tubes of bore. Round each of these 

tubes is a wider one of about 3i-in. bore and about 8 ft. long. 
These wider tubes are expanded into the base of the header. 
The whole superheater is set in brickwork and fired by a coal 
fire. The cool gas passes down the inner tubes and up the 
concentric annular spaces. The inner and outer tubes are 
kept in this concentric position by light “spider” irons. The 
inlet and outlet in this element, as in the other elements of 
the conversion system, are of lo-in. bore. 

Operation of the Conversion System , — When the plant is 
being put in operation for the first time, or after cooling down, 
air is drawn in by the blower at some point in the purification 
system — frequently at the lutes of the coolers — and is forced 
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through the superheater into the converter. By means of 
valves worked from the floor-level with long spindles, the 
preheater may be cut out during this operation, and the 
condensation of acid in it at low temperatures avoided. The 
necessary connections are indicated in Fig. 104. The 
temperature of the converter and the contact-mass slowly 
rises, and when it is high enough, the air is replaced by gas- 
mixture from the purification system, and conversion should 
begin immediately. The temperature to which the converter 
must be heated initially may vary considerably, but 350° has 
often been attained before a successful start. As conversion 
reaches its full strength, the superheater can be cut out and 
the preheater used instead, and finally, if other circumstances 
are satisfactory, the preheater alone remains in use. 

Both converter and “ preheater ” are very thoroughly lagged, 
as are the connecting pipes. It has already been pointed out 
that regenerative running is largely dependent on this, and also 
that it is the easier, the higher the gas concentration. A 
percentage of sulphur dioxide of 6 5 to 7-5 is considered suitable 
under ordinary conditions, and for such a mixture it is sufficient 
to preheat the gas to from 200" to 220 only, in order to secure 
the best possible conversion. The “ preheater ” is frequently 
more than capable of this, and the regulation of the amount 
of heat exchange is performed by means of the by-pass 
regulator valve on the pipe admitting the hot gas. About 
the middle of one of the contact-tubes, the temperature of 
the mass will be 470° to 480° and the gas issuing from the 
converter will be at 400'' to 420'’. Using a 6 5 per cent, gas 
mixture, the conversion should be 97 or 98 per cent., and with 
one of 7-5 per cent, conversion may be i or 2 per cent, 
lower, the net production of trioxide remaining about 1 1 tons. 

The Converter-gas Cooler . — On leaving the converting and 
preheating apparatus, the gas is led to a tubular air-cooler in 
which its temperature is reduced to that favourable to good 
absorption. This consists of two cast-stcel headers into which 
are expanded about sixty mild steel tubes of about 2 in. 
external diameter, and 1 2 ft. long. From this cooler the gas 
passes immediately to the absorption system. 
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The Absorption System. 

Absorption is carried out in three absorbers. The first 
two into which the enters are shown diagrammatically in 
Fig. 1 14. They are of mild steel plate and are about 8 ft. 
in diameter and 5 ft. 6 in. in depth. Each is surrounded by a 
steel water-jacket, and contains a perforated cast-iron bell about 



6 ft. 6 in. in diameter and rather more than i ft. deep. There 
is also a cast-steel dip-pipe by which the feed acid is conducted 
to the bottom of the absorber. The gas enters centrally into 
the bell and is blown through the perforations into the acid 
above, and sometimes leaves the absorber through a short 
wide pipe which is designed to retain spray generated by the 
bubbling. The finished acid flows away through a lateral 
outlet-pipe passing through the water-jacket. 

The single final absorber, in which is treated the gas which 
has passed through the other two, is similar in principle, but 

2 I 
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instead of containing one large bell it has four smaller ones, 
all connected in parallel to the inlet pipe. It is deeper (about 
7 ft.) and narrower (about 6 ft. 6 in.). In this case also, the 
outlet pipe (which here is placed centrally) may have a wide 
spray-catching chamber attached. 

In addition to these three elements there may be also an 
“ auxiliary absorber ’’ in which the drying-tower acid can be 
strengthened, so that the risk of contamination of the mass 
by impurities from the drying acid can be avoided. This 
vessel is usually somewhat smaller than the other three and 
contains a single bell. It is otherwise of the same type. Gas 
is supplied to it by a 3-in. or 4-in. branch pipe leaving the 
main just after the converter-gas cooler. 

The absorption system may be operated in several ways. 
All three vessels are frequently connected in series. Feed acid 
is often allowed to flow into the last of the three (No. 3), the 
overflow from No. 3 passes into No. 2, and that from No. 2 into 
No. I by gravitation. Oleum runs away from No. i. This 
arrangement has been discussed in the chapter on Absorption, 
and has been seen to have certain disadvantages. Another 
method is to provide each absorber with a separate feed 
acid supply, while maintaining the series connection. In 
this way the strength of the acid in each reservoir can be 
adjusted independently. More supervision is thus required, 
but the flexibility is greatly increased, and any strength of feed 
acid can be used. It would appear at first sight that No.s. i 
and 2 could be operated in parallel to produce 20 per cent, 
oleum, and No. 3 — receiving the gas from both the other two — 
could be maintained at 98 per cent. If separate feeds were 
made to each absorber the arrangement would no doubt be 
a good one, and acids of intermediate strength would be 
avoided ; but there is some difficulty in running absorbers of 
this type in parallel, on account of the difficulty of exactly 
equalising the gas-resistances, so that one tends to take an 
excess of gas at the expense of the other. 

Control afid Efficiency , — The operation of the plant is 
controlled by tests at regular intervals for (i) percentage con- 
version, by e.stimation of sulphur dioxide entering and leaving 
the converter; (2) arsenic, by bubbling the gas leaving the 
wash tower through water, and examining the liquid (see p. 72) ; 
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(3) also for arsenic, by testing the solution from each tray of 
the wash tower ; and by other tests as may be thought advisable. 
In addition, records are made of the pyrometer readings at the 
converter and in the dust chambers, and the strengths of the 
absorbing acids are frequently checked with the hydrometer, or 
by some other rapid method of testing. The sulphur in the 
burnt ore is often estimated daily. 

lifficioicy, — In the Tentelew process the losses in operation 
are due, firstly to the sulphur left in the burnt ore, and secondly 
to the loss of acid in the filters and washing apparatus. When 
burning down to 2 per cent, of sulphur in the cinder the overall 
efficiency of the plant may be 87 or 88 per cent. The loss in 
conversion is small. 

In the published records^ the Tentelew plant at Pembrey is 
reported to have worked, during the first six months of 1918, 
with a mean overall efficiency of 84*2, the highest figure 
reached for any one month being 86*2 per cent. P'or the 
second month of this period the following figures may be 
quoted.'*^ 

Pyrites charged (48 per cent. S), 1 19-8 tons. Equivalent SOj 299-5 tons. 
Feed acid charged - 

Absorption, 349 tons (92 per cent.) \ 202- - 

Drying, 182-8 tons (92-5 per cent.) I ” ’ » 

Acid produced — 

Oleum, 604-3 tons (85-65 per cent. SO,) .. SO, 517-6 „ 

Weak acid, 193-3 n (87-5 H^SOJ „ SO, 169-1 ,, 

Cinders, 179-7 „ (S 2-3 per cent.) ^ S — 4-1 tons. 

Net SO3 made in plant 255-3 tons. 

SOj lost in plant ^ 44-2 „ 

Recovery of sulphur charged -=^85-2 per cent. 

„ „ burnt - 88-3 „ 

Tfntki.kw Plant (B). 

In this plant, which is much smaller and of earlier design 
than the foregoing, sulphur is burnt in iron pans placed in 
brick kilns which are somewhat similar to those of the first 
Grillo plant already described. There are five kilns each 

' Second Report on Costs a/td Efficiencies of Fiutories^ 1918, 30. 

Report on the Statistical Work of the Factories Branchy *9*9) * 5 - 
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containing an iron pan. The charge for a single kiln may vary 
between 6o and 120 lb. of sulphur per hour, and the total 
charge of sulphur in twenty-four hours may vary from 1*3 to 
2-6 tons. The temperature of the gas leaving the kilns does 
not exceed 500°. Leaving the kilns, the gas enters a dust 
chamber containing two compartments, separated by a partition 
wall having a hole at the bottom. The inlet is at the top of 
one chamber and the outlet at the top of the other. 

The connections of the various parts of the plant for gas 
and acid are shown in the diagram of Fig. 115. 

The Purification System. 

From the dust chamber the burner-gas is led to the burner- 
gas cooler, which consists of a cylinder of cast-lead 5 ft. in 
diameter and 10 ft. high, surrounded by a water-jacket 
extending over all but the first few feet of its height, as shown 
in the sketch of Fig. 116. At the bottom of the cooler open- 
spaced bricks are arranged, and above these are fixed four 
long open-ended, double-walled cylinders, with water circulating 
between the walls. The gas enters at the top, passes down- 
ward through and outside the four cylinders, and after passing 
through the bricks leaves the cooler by a side pipe. The 
bottom of the cooler is luted in a leaden tray. The acid 
condensed in the cooler contains as a rule about 83 per cent. 
H2SO4. The temperature of the gas leaving the cooler is from 
70'’ to 100"’ and is on no account allowed to exceed i5o\ 

The two filter-boxes — which follow next in order — are 
upright cylindrical lead vessels packed with flint on lead 
grids. Each is fitted with a compressed air-pipe and with a 
water supply, and with inspection doors. The gas passes 
through the two boxes in parallel streams, from top to 

bottom. Acid of from 80 to 90 per cent. II.^SO^ condenses 

in them. The sulphur trioxide obtained as condensate from 
these boxes and from the burner-gas cooler, amounts to 

0*9 per cent, of the total made by the plant. 

The gas then passes to the washing tower. This is 

cylindrical, constructed entirely of lead, and is in general 
similar to that already noticed (Fig. 109). It is 14 ft. high 
and 3 ft. 9 in. in diameter, and has five sections, />., four 
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bubbling trays. Caustic soda of about ^ per cent, is used, 
and renewed every twenty-four hours. Each compartment of 
the tower is connected to that below by a lead pipe which, 
is kept closed during ordinary running by a rubber diaphragm 
valve. Manometers are fitted to all compartments so that 
the amount of soda solution in each one may be estimated 



A sampling-pipe and an inspection-door arc also fitted to each 
tray. The liquid which has passed through the tower and run 
off from the last tray contains sulphuric acid which represents 
about 5 per cent of the total production of trioxidc. 

Two leaden towers are inserted in parallel to remove spray 
from the washing tower, and each is followed by a set of three 
drying towers. There are therefore two parallel sets of four 
towers each. All these are made entirely of lead, and are 
arranged so that, by means of blind flanges, any tower can be 
cutout at will for cleaning or repair. As shown in Fig. 117, 
the bottom of each tower is filled for 2 ft. depth with bricks 
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in open spacing, and above this is 9 ft. 6 in. of coke packing. 
The towers are supplied with acid in very much the same 
way as has already been outlined in connection with 
plant A, with the exception that a single tower is replaced 
by the pair of corresponding towers in the two series. From 
a low-level tank the acid is elevated by a pump to a closed 
box from which it runs to the r: J 

appropriate pair of towers. There 
are therefore three sets of tanks 
and pumps, and acid is transferred 
from one set to another by over- 
flow between the low-level tanks. 

It is supplied to the first tank at 
about 97 per cent, and leaves the 
last tank (/>., the drying tower 
which the gas enters first) at about 
88 per cent. lIoSO,. Revivification 
of the diluted acid is carried out 
in a special small (“auxiliary”) 
absorber. Since the gas leaves 
the burner-gas cooler at a fairly 
high temperature, the acid in the 
first tower becomes hot, and a 
cooling coil is therefore inserted 
in the lower tank belonging to 
this tower. 

Leaving the drying towers, the ^ 
gas passes through a lead-lined 
box packed with very fine coke to 
remove acid spray, and then to an 
empty lead vessel which serves to Fu.. 117.— Di 

lessen the pulsations of the com- 
pressor. The whole of the plant and connections, from the 
entrance to the burner -gas cooler to the inlet to the com- 
pressor, is made of lead. 

The Conversion System. 

This plant has two compressors of the horizontal recipro- 
cating type, having single cylinders lined with gun-metal and 
water-jacketed. Each compressor is driven by a motor running 
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at 700 to 900 r.p.m., through a reduction gear which cuts the 
speed down to The two together, when running at 80 r.p.m., 
are capable of dealing with the gas from sulphur charges of 
2*36 tons. The power required is high. The suction at the 
inlet is about 3 in. of mercury, and the pressure at the outlet 
about 10 in. 

After the compressors are placed three upright cylindrical 
tanks made of iron and lined with lead, to act as oil-filters. 

The gas is propelled first through 
No. I, which is packed with large 
coke, and then passes in parallel 
streams through Nos. 2 and 3, which 
are packed with asbestos wool lying 
on grids. The two streams then unite, 
pass through a non-return valve, and 
reach the conversion system proper. 

In this system there are as 
usual three units — converter, heat-ex- 
changer and superheater, so arranged 
that the superheater can be cut out 
during ordinary running. To secure 
regenerative running, however, is 
more difficult on a plant of smaller 
capacity, and in this case super- 
heating is carried out to an extent 
depending on the particular con- 
ditions — size of the charge and so 
on, as a matter of ordinary practice. 
On full charge, the superheater requires about 14 cwt. of coal 
every twenty-four hours. 

Both converter and “preheater” are very similar to those 
illustrated in the Tentelew patent of 1902, as shown in 
the section on converters. Fig. 118 gives a sketch of the 
converter. The gas enters at the top and passes through 
a distributing grid containing 530 holes of about 0 3 in. 
diameter, into the empty space which occupies about one-third 
of the volume of the vessel, and then down the 44 contact- 
tubes, which are 6 ft. 6 in. long and of 4*S-in. bore. The 
contact-mass is packed in the usual way between perforated 
discs of malleable cast-iron, each tube having 65 discs. 



Fig. 1 1 8 . — Converter. 
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Pyrometers are inserted at the points numbered on the sketch. 
The shell of the converter is about 13 ft. long and 4 ft. 4 in. in 
diameter. The inlet and outlet are of about 7-in. bore. 

The ‘‘ preheater” resembles that of Fig. 25 very closely. It 
contains upwards of 190 2-in. tubes, ii ft. 6 in. long, set in two 
tube plates in a shell 5 ft. 2 in. wide. The cold gas passes 
over the tubes and the hot gas through them, in the usual 
way. Both converter and “ preheater ” are heavily lagged. The 
superheater is of the same general construction as that of 



Fig. 1 19. — Connections of Conversion System. 


Plant A, but contains only 42 double tubes, the outer portions 
of which arc 7 ft, 9 in, long. It is fired by coal. 

The connections of these three portions of the plant are 
shown in the diagram of Fig. 119, from which the relative 
dimensions of converter, ‘‘preheater,” and gas-cooler may be 
roughly noted. The valves arc shown as set for ordinary 
running. Purified gas passc.s, via B, to the outsides of the 
preheater tubes, then to the superheater, converter, and the 
insides of the “ preheater” tubes in order. The regulator valve 
A is kept shut. The gas passes through the gas-cooler and goes 
from it to the absorption system. When the plant is being 
started, the valves E and F are opened and ABC and D are 
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closed. Cold gas then passes directly to the “ preheater,” then 
to the converter and the insides of the “preheater” tubes, 
this arrangement being maintained until the converter is hot 
enough for conversion to begin, when the previous one is 
established. If the conditions are such that regenerative 
running is possible valves B and D are opened. C E and F are 
closed, and A is opened more or less to allow the converted 
gas, the heat of which is not required, to by-pass the “ preheater.'* 

The conversion is usually between 94 and 95 per cent. One 
converter continued to give 93 to 94 per cent, after seven 
years’ operation, in spite of a slow but continuous decrease. 
With lower charges higher conversions are naturally obtained. 
The gas enters the converter at 280"’ to 300^ and leaves at 
370^^ to 390". 

As shown by the pyrometers at the top of the converter 
(No. 5) and at the outlet, the extent to which the converter 
acts as a heat-exchanger may be observed in the difference 
between the average readings (taken over a lung period) of 
No. 5 and Nos. i and 2. 


Ct)nv(“rt«T 
No. 5 . 

Eiitrriiig TuIh-s. 

Lraviii}; Tul« .s. 

I.cavin;; 

No. 1 . 

No. ‘J. 

Nm. 3 . 

j No, 4 . 

1 

(’on\ »Tl«T. 

2 'JO" 

3<S4" 

390^ 


3'/>" 
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Absorption System. 

Four absorbers are used for producing oleum, in addition 
to another smaller one for making acid for the drying towers. 
Their construction is of the type already outlined (Fig. 1 13). 
Each has a single bell which in every case is enamelled. The 
gas from the cooler passes into the two “oleum” absorbers 
(i and 2) which are connected in parallel, then into the remain- 
ing two (3 and 4) in succession. The outlet pipe from the last 
absorber is expanded into a small chamber in which a spray- 
catching arrangement is fixed. From here the gas escapes to 
the atmosphere. Feed acid is supplied to No. 4 and runs into 
the other absorbers by overflow, oleum being drawn off from 
Nos. 1 and 2. 
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The drying tower acid is kept in use until it falls to 88 
per cent, and is then pumped into a tank feeding the smaller 
absorber. In this the acid is maintained at about 97 per cent 
and the overflow is passed to the drying towers for circulation. 
The excess of dilute acid received from the drying process, 
beyond that needed for the drying-tower circulation, is led to 
a “ diluter ” in which it is mixed with oleum to form additional 
feed for the main plant. 

The average temperatures of the gas leaving the separate 
absorbers are : — 

Leaving Leaving Leaving Leaving 

No. I. No. 2. No. 3. No. 4. 

5'' 57" 43" 39° 

The pressure at various points on the plant are given 
below in inches of mercury. These figures and the average 
temperatures given above relate to charges of from 2| to 2 i 
tons of sulphur /rr d/ew. 


Pressure Data. 
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At the same rate of production (on a charge averaging 
2'3i tons of sulphur per day) the overall efficiency of the plant 
estimated over a period of ten months was 85 per cent. For a 
previous period of two and a half years, during which the average 
daily charge had been 114 ton, the efficiency had been 87-5 
per cent. The acid deposited in the filters and in the washing 
tower is included as part of the j)roduction ; if no account be 
taken of this the figures given mu.st be reduced, by from 
4 to 5 per cent. 



CHAPTER X 


THE MANNHEIM PROCESS 

The origin of this process, in the hands of the Vereiti Chemischer 
Fabriken in Mannheim^ has already been referred to in the 
introduction, and the characteristics of ferric oxide as a catalyst 
have been dwelt upon in the discussion of catalytic materials. 

The process differs from all other known processes in 
utilising two catalysts — ferric oxide and platinum, by each of 
which a part of the conversion is carried out. The sulphur 
trioxide produced in the ferric oxide contact is absorbed from 
the gas before it passes, first to filters for the removal of mist 
and other impurities, and then to the platinum contact. The 
trioxide produced is again absorbed in a second section of 
absorbing towers, A peculiar feature of the process, possessed 
so far as is known by no other, is the drying of the air before it 
is admitted to the pyrites kilns. This is done mainly to avoid 
the rapid deterioration of the plant which would result from 
deposition of sulphuric acid in the pipes and coolers, but partly 
to prevent the inhibiting action of water vapour on the 
catalysis at the ferric oxide surface. It is necessary, in order 
to put this into operation, to enclose the kilns and the brick 
shafts containing the oxide, in sheet-iron casing, so that 
ordinary damp air may not be drawn in. Mannheim plants 
have been worked for years, however, with undried air. 

The British and German patents were taken out in the 
years 1898 to 1901, and the process was adopted some time 
afterwards by Messrs Nobel at their Ardeer works, who worked 
six units of plant until shortly before the War, when they 
adopted the Tentelevv process and ceased to operate the 
Mannheim, restarting it, however, in 1915 for War production. 
An infringement of their patents by Messrs Nobel was alleged 
by the Badische Company in 1912, in an action brought in 
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Edinburgh, but was not maintained. The Clayton Aniline 
Company, Messrs Kynoch, Messrs Levinstein, and the United 
Alkali Company had all Mannheim plants of pre-war con- 
struction, the last named consisting only of the iron contact 
and kilns worked in conjunction with chambers. In the United 
States the process has had a considerable vogue. 

When the Explosives Factories of the Department of 
Explosives Supply were projected, batteries of Mannheim 
plants were included as a more or less temporary measure to 
fill the urgent need for oleum, which was being imported from 
the United States in large quantities. This plant was chosen 
because the designs of the latest type — as used by Messrs 
Kynoch in their Arklow Factory, and at Umbogintwini in 
South Africa, near Durban — were ready to hand, and because 
the type lent itself to rapid construction. These batteries 
were afterwards superseded by the Grillo, and towards the end 
of the War were shut down, after having amply paid for their 
construction. At Queen’s Ferry there were ten units (each 
capable of producing 5 tons of trioxide per day), two of which 
had Herreshof furnaces to burn smalls; at Gretna there were 
eight units, also including two Herreshofs; at H M. Factory, 
Oldbury, under the management of Messrs Chance & Hunt, 
there were two ordinary units with lump burners only. Another 
pair was erected about the same time by the Staveley Coal 
and Iron Company. 

The Mannheim patents have now all expired and possess 
only slight importance. A concise list of the British and 
German specifications is given at the end of this section. A 
certain curious interest attaches to one proposal contained 
in them, by which the kiln and contact shaft arc combined. This 
is shown in Fig. 120. The bed of burning ore is on the top 
of the column of contact material, and the dried air passes 
downwards through the ore. There is no information that this 
modification was ever in use. 

Before proceeding to a discussion of the INIannheim process 
in its entirety, it may be noted that many installations of ferric 
oxide contact shafts have been made in conjunction with 
chambers. Such combinations are in operation at the St Rollox 
works of the United Alkali Company, where two units, each 
comprising twelve fires, are in use. The arrangement is in 
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general similar to that of the complete plant to be described, 
but there is, of course, no platinum contact, and the gas from the 
oxide shafts, after passage through three absorption towers, is 
led directly to the chambers. Containing only about 3 per cent, 
of sulphur dioxide, it is rather more difficult to deal with than 
burner-gas of the usual composition, and necessitates a higher 
nitrous concentration in the chambers. Similar systems are 
used at the Turnbridgc works of the British Dyes Corporation 
and elsewhere. 

In an American plant of this type at Garfield, near Salt 
Lake City, no attempt is made to produce oleum, the oxide 



shafts being regarded as assistants to the chamber conversion. 
Herreshof burners are used, each of 20 ft. diameter, and capable 
of burning 50 tons of ore per day. The burner-gas is led from 
them through an insulated steel flue, and is delivered to the top 
of a series of thirty-two burners burning lump pyrites. The 
gas then enters an oxide shaft 15 ft. in diameter and 30 ft 
high, and from this passes to the Glover towers of the chamber 
plants.^ Another installation has been described - of four 
Herreshof and thirty-six lump burners, the capacity of the 
Herreshofs being about 1 1 tons, and that of the others about 16 
tons of pyrites per day. The gas from the mechanical burners 

^ Mirural Industry^ 1916, 26 , 692. 

2 Wilke, Chem, Trade /., 1912, 61 , 294, 
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is passed through a baffled flue on top of the lump burners. 
At the end of this flue both streams of gas are united and pass 
into the contact shaft, and then to the Glover tower. The 
conversion in the oxide shafts is about 30 per cent., and the 
adaptation proved very successful, the normal capacity of the 
chambers being increased about one-third. 

Patents , — Use of iron oxide — as catalyst, B. P. 17255 of 
1898, Ger. P. 107995 — to remove arsenic, B. P. 17266 of 
1898, Ger. P. 106715 ; kilns, B. P. 1859 of 1899, Ger. P. 108445 ; 
dilution of burner-gas, B. P. 3185 of 1899, Ger. P. 108446; 
combination of contacts, B. P. 24748 of 1899, Ger. P. 136134; 
other contact substances, B. P. 4610 of 1901, Ger. P. 142410, 
B. P. 1515 1 ; platinum” contact-oven, B. P. 16206 of 1902, 
Ger. P. 142855. 

I. Construction and Arrangement of the Plant. 

The matter of this section has reference, unless it is other- 
wise stated, to the Kynoch type of plant which already has 
been mentioned. Very full details have been given, not only 
in the Technical Results of Explosives Supply (No. 5), but also 
by J. W, Parkcs.^ Both these sources have been drawn from. 

The plant is arranged in units, each unit having two 
separate blocks (“sections”) of six kilns, with two iron oxide 
contact shafts, heat-exchange apparatus, superheater, and 
platinum contact shaft. There are in addition three gas- 
coolers, five absorption towers, and a set of filters for each unit. 
The arrangement is at first sight a complicated one, and the 
following description may be made more clear by referring to 
the diagrammatic flow-sheet given in Fig. 121. 

Air-drying To 7 vers. — P'or each pair of units (twenty-four 
burners) two air-drying towers are provided (P'ig. 121). They 
are built of sheet-lead (from 9 to 12 lbs.) supported on a wooden 
framework and lined with obsidianite bricks placed without 
bond, the dimensions being roughly 4 ft. x6 ft. X15 ft. high 
(Fig. 122). The bottom is laid with bricks, and on this is built 
up a chequer-work which extends to above the gas-inlet, a 
space being left round the inlet for the gas to enter. On these 
chequers the coke packing is laid. Into the leaden cover 
* /. Soc . Chem , lft(L ( 7 Vrt//j.), 1922, 41 , 100. 
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sixteen luted inlet pipes are fixed, and connected in the usual 
way with a round acid distributor about l6 in. wide and lO in. 


SUPlRHiATER 



PATH OF GAS 


DRfiD A/R CORy£RT£D PiJRIFI£0S02 BURft£fiS TO FUTiRS 

MIXTURE FROM MIXTURE 

PUT! RUM SHAFT 

Fig. 12 1 . — Gas-Connections of Mannheim Plant. 


high. From a lead-lined wooden tank situated below the floor 
level, acid of about 94 per cent, was elevated by a cast-iron 
centrifugal pump to the three feed tanks situated above the 
three sets of drying towers connected to six units. Down each 
pair of towers the acid flowed in parallel, and provision was 
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made for running 98 per cent, acid from the absorption system 
into the tank from which the pump was fed, so that the contents 
should remain at 94 per cent. This system replaced that of the 
original design, in which the two towers had each a separate 
circulating system, the second system receiving strong acid from 
the No. I absorption tank, and the second receiving acid by- 
passed from the first. The rearrangement resulted in much 
better drying, but if the object were to secure effective drying 
with the smallest possible amount of strong acid, an improve- 
ment of the original system would perhaps be preferable. 

By means of a 12-in. M.V. Sturtevant fan coupled to a 
3^ h.p. motor running at 1200 r.p.m., air is blown into the 
bottom of the first drying tower. From the top of this it passes 
to the bottom of the second, up, and then to the burners, 
through a cast-iron main. 

The Burners and Contact Shafts , — Each section of lump- 
burners consists of six kilns placed back to back. Fig. 1 23 shows 
a horizontal section through all the kilns. Each kiln is 
4 ft. 3i in. in width and 4 ft. from front to back. The wrought- 
iron grate bars in which the layer of ore rests, about 7 ft. long 
and 1 1 in. square, are rounded to rest on two cast-iron bearer- 
bars, and can be turned from the outside by means of a key in 
the usual way. At a height of i8i in. above the pans is a 
central charging door ; below this, at about the height of the 
top of the bed, are two raking doors, one on either side, and 
lower still is a door covering the ends of the grate bars. All 
these doors are fitted with latches and screw bolts, by which 
the machined face of the door can be pressed tight against the 
machined face of the door-frame, the joint being made with 
asbestos, preferably forced into a milled groove in the door. 
Under each kiln, at the bottom of the ash-pit, is a cast-iron 
hopper 3 ft. 4 in. deep, sealed also with a screwed-down door. 
This hopper projects downward into a basement to facilitate the 
removal of the burnt ore, as may more readily be seen from 
Fig. 126, in which, however, the roof of the basement is higher 
than under the lump-burners. Between each kiln is a dividing 
wall pierced with an opening 2 ft. 6 in. wide and extending 
downwards from the arch to about 16 in. above the firebars. 
The whole section — kilns, contact shafts, etc., is encased in a 
thin shell of steel plates riveted to a steel framework. The 
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casing is made air-tight by caulking with asbestos cord. The 
dried air enters each kiln through two 4-in. cast-iron pipes 
below the bars. Each pipe carries a butterfly valve and has a 
flange on the lower X-P^^ce for clearing out dust. 

The design of burner may be compared with that shown 
in the sketch of Fig. 124. This pattern is that of Mannheim 
plants built soon after the date of the patents, some of which 



are still in use. There was no lower hopper, and the burnt 
ore fell into iron boxes in the ash-pit, or was simply raked out. 
Instead of six burners in a section there were eight. 

The Herreshof burners fitted to the units on which smalls 
are to be burnt are of the standard type, with fire hearths 
of about 10 ft. internal diameter — the total hearth area being 
about 385 sq. ft. The heavy cast-iron hollow shaft — about 
20 in. diameter — is perforated with ten slotted openings, into 
which the hollow rabbling arms are fitted, each hearth having 
two arms. The ore passes inwards, through the slots to the 
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next shelf, then outwards and so on, in the usual way. The 
shaft weighs 3 tons and is borne on a ball-bearing at its base. 
It is rotated at the rate of a revolution in a little over two 
minutes by a 2 h.p. motor connected by bevel gear and sprocket- 
wheels. The automatic feed is of the plunger type. The 
cinders fall from the lowest hearth into a cast-iron hopper. 
These burners are shown in Fig. 125 and Fig. 126. 

The dried air is introduced to the lowest shelf by means of 
four small openings near the base of the shaft. The air-main 
is connected with the top of the hollow shaft by means of a 
luted collar. The air passing downwards, cools the shaft and 
arms and reduces the danger of overheating. 

The temperature of the gas leaving a Herreshof burner, 
when the sulphur dioxide is about 5 5 per cent., is too low 
(670° to 680'’) for satisfactory conversion in the oxide shafts. 
The gas therefore leaves the upper shelf by two openings 
(2 ft. 7.} in. wide and 9 in. high), from each of which it passes 
into two lump-burners built back to back and identical with 
those already described. 

Each section of lump-burners, or each section containing a 
Herreshof burner, has two iron oxide shafts of about 4 ft. square 
section and ii ft. 6 in, high, with grate bars at the bottom, and 
a hopper just as in the case of the burners. The grate bars, 
however, being larger, are borne on three bearers instead of 
two. The gas from the single row of burners passes into the 
oxide shaft through an opening in the dividing brickwork, 
passes upwards through the lumps of oxide, then through 
chequer holes in the arched roof into the chamber containing 
the “forewarmer” pipes. This chamber is about 10 ft. long, 
6 ft. wide, and 5 ft. high, and has a central baffle wall about 
3 ft. 6 in. high dividing it in the direction of its length. The 
chequer holes are all behind this wall, i,e.^ to the left-hand side 
of it in Fig. 1 26, so that the hot gas from the two shafts passes up 
over one set of pipes, over the top of the baffle wall, and down 
over the other set. The outlets to the chamber are two short 
14-in. cast-iron pipes connected by a 14-in. main. X-P^^ces are 
fitted to facilitate cleaning out the dust. The “ forewarmer ” 
pipes will be encountered later. See also Fig. 127. 

The Coolers . — The gas from each pair of oxide shafts is 
conveyed by the cast-iron main to a cooler (already illustrated 
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in Fig. 8o), which consists of a simple steel cylinder 3 ft. 8 in. 
in diameter and 16 ft. 8 in. high. It is fitted with three 


r 

Z i 





horizontal internal baffle plates about 3 ft. in diameter and 
nearly the same distance apart, by the action of which the 
hot gas is mixed and thrown outwards against the sides. The 
cooler has a cleaning door and a dished top with serrated edges 
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to distribute the water, and stands in a large leaden saucer. 
To two of these coolers is.joined a third through which all the 
gas from the two sections passes to the two towers constituting 
the first absorption system. In this the trioxide formed by the 
passage over the heated ferric oxide is removed. The absorption 
system as a whole will be reserved for discussion a little later. 

The acid from the coolers is drained to a settling tank. It 
was found to be an advantage to alter the original arrangement 
of drain pipes, and to substitute wide cast-iron pipes luted into 
the tank, and so fitted that each section of pipe could be 
cleaned out readily. This can be seen in Fig. 125. 

The Main Fan , — The gas is drawn through the plant so 
far described, and forced through the rest under slight pressure, 
by a Kynoch fan. The function of the fan mentioned before 
is only to impel the air through the drying towers, and to 
neutralise, with a slight pressure, the suction which would 
otherwise exist at the burners and allow damp air to be drawn 
in. The Kynoch fan consists of a cast-iron casing in two 
halves bolted together, inside which rotates an impeller 
2 ft. in. in diameter, fitted with sixteen concave cast-iron 
blades y \ in. wide and of peculiar shape. The shaft is connected 
through a flexible coupling with a 6 h.p. motor, which is 
preferably of variable speed, with a maximum of 1650 r.p.m. 
The air enters the fan at the centre through a 12-in. cast-iron 
main and leaves tangentially at the bottom. A drain is 
provided for the condensed acid. The fan is capable of dealing 
with about ifiooftoo cub, ft. of air per day at a pressure of 
4 in. and a suction of 2 in. of water. 

The Acid Catchers and Filters . — Leaving the fan the gas 
from the twenty-four fires is forced through four acid catchers 
in parallel. The two streams issuing from each pair of these 
vessels, pursue from this point separated but similar paths, each 
passing through three filters in parallel, and then being 
delivered to the preheating apparatus of one section. Each 
catcher or filter is a steel tank 1 1 ft. 6 in. long, 6 ft. 6 in. wide, 
4 ft. I in. deep, and fitted with a grid 8 in. from the bottom, 
formed with steel bars laid on bearers. The gas-inlet and 
outlet are of 8-in. bore. At the bottom a luted drain-pipe is 
fitted which drains into a tile-lined launder common to all the 
tanks. The acid running from this, and from all the coolers 
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and the fan is highly arsenical, and was always removed from 
the plant, and in many cases utilised for nitric acid manufacture. 

The packing of the acid catchers is of graded quartz. The 
grid may be covered with a layer of 3 to 4-in. lumps, on which 
is placed a 4-in. layer of material graded from 2^ in. down to 
2 in. The main bulk of the filling is a layer 18 in. in height 
placed on top of the ^-in. size, and consisting of fine stuff graded 
from \ in. to jV in. Finally, a 3-in. layer, in. to in. in size, 
is spread over the main filling. The filters are packed with 
quartz in the same way until the |-in. material has been put 
in, but on this is laid granulated basic slag rich in lime. Each 
filter has 18 in. of slag graded from I to in., and finally 5 in. 
of dust-free material passing jV in. mesh. A typical analysis of 
the slag sand is: CaO 47-3, MgO 09, AI2O3 14-9, Fe^Og 5 6, 
SiO.g 29*2 per cent.^ In many plants a layer of asbestos fibre 
and lime is placed on top of the slag sand. 

After some time the acid catchers become clogged and 
must be emptied and cleaned. The quartz is washed and 
replaced. The life of the filter-packing is variable, but it 
requires renewal at intervals, the length of which depends 
on the result of the tests made to ascertain the efficiency 
of purification. Any one acid catcher or filter can be isolated 
from the others by the insertion of blind flanges in the 
connecting pipes. 

The Preheating System , — The course of the purified gas 
during preheating and conversion can be seen in outline in 
the flow sheet of Fig. 121. In this figure, for the sake of 
clearness the platinum contact is shown in only one section, 
and the ferric oxide shafts appears alone in the other. The 
flow of gas may also be studied in the plan (Fig 125) and 
in the elevation (Fig. 126) of the Herreshof unit. The cold 
purified gas passes in succession through heat exchanger, 
“ forewarmcr,” and superheater. The heat exchanger is in 
every essential respect the same as that already described in 
connection with Grillo plants, see Fig. 38, p. 177. Cold gas 
from the filters passes by two separate pipes to the inside of the 
heat-exchanging tubes, which are maintained at a temperature 
of about 200"", by the passage of the hot converted gas over 
them, and then enters the forewarmers situated in the brick 

’ Parkes, loc. cit 
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chamber which is above and in communication with the oxide 
shaft. The inlet to each “ forewarmer ” is a 12-in. pipe which 
inside the casing divides into two lo-in. cast-iron lines which 
are carried six times across the chamber parallel to the baffle 
wall, the ends of each pair being connected to the next pair 
in the series either by a header or by two JJ-bends. The exit 
is by a header at the bottom of the chamber at the same 
side, and under the inlet. This header is continued back- 
wards to the superheater. See Figs. 126 and 127. 

The superheater, as may be seen from the figures last 
noted, consists of six vertical lo-in. cast-iron pipes about 
II ft. 6 in. long, forming two parallel series of three pipes each. 
The upper joints of the connecting double bends are outside 
the arch of the chamber, and the lower joints are protected 
from the fire by a bridge. The two last pipes of each series 
(in which the gas descends) are connected to a lower header 
which extends to meet the inlet to the back of the platinum ” 
chest. This header is encased in brickwork. The pipes have 
a heating surface of approximately 40 sq. ft. (“ forewarmer,*’ 
80 sq. ft.). The superheater chamber is divided by two 
dividing walls into three flues, so that the flue gas passes along 
each row of two pipes in succession, and in the usual counter- 
current to the gas inside them. A steel pipe from the head of 
the last flue acts as a chimney and projects through the roof of 
the house. On the large installations these small chimneys 
were all replaced by one large one outside, connected with the 
flues by a 20-in. sheet-iron main. 

The superheater pipes as described are apt to give rise to 
leaks from springing of the joints under the action of the heat, 
and many rearrangements of them have been tried on other 
Mannheim plants. One of the most successful of these is 
perhaps the substitution of pistol pipes.” These are pipes 
of oblong section with an internal longitudinal feather, the 
gas passing up the feather on the one side and down on 
the other. 

The Platinum Chest is placed between the two oxide drafts 
and is made up of five cast-iron sections with machined joints, 
bolted together with asbestos jointing. The lower section, 
49 in. from back to front, contains an oval inlet 22^ in. wide 
and 9 in. high. The three middle sections in which the 
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elements of mass are placed are mounted one on another, 
each being iij in. deep, and are crowned by the prism-shaped 
top section bearing a 12-in. gas outlet. All the sections are 
bolted to a heavy door-plate with screw-down doors to close 
each chamber. The cross-section may be examined in Fig. 128 
which represents a chest the dimensions of which differ slightly 
from that of the Kynoch plant, but which is similar in design. 
The left-hand sketch gives a vertical cross-section ; the right 
hand a front elevation, the doors and door plate having been 
removed. 

In each section the ledges in which the element rest, as 
well as the frames of the element, are machined, and as the 
element is pushed in hard against the back of the chest, a 
fairly gas-tight joint results. The gas enters at the bottom, 
behind, passes upwards through the elements, and leaves at 
the top, in front. 

An element is built up between two cast-iron frames, the 
dimensions of which are shown in Fig. 129. Each of the ten 
asbestos mats is laid on a grid of iron wire gauze of |-in. 
mesh and 14 I. W. G., and separated from the next by a steel 
frame plate about jV hi. thick. The ascending order is 
therefore : frame, gauze grid, mat, frame plate, gauze grid, 
and so on. The whole is held together by eight bolts. 

The preparation and preliminary treatment of the platini.scd 
asbestos mats has already been described in Chapter IV. The 
weight of platinum employed on each mat, on most plants 
during the War, was 20 or 24 gm. That is, on the 60 mats 
required for an element there were between i-2 and 1-44 kilos. 
The amount of platinum used is low in relation to the work 
required of it, as may be seen from the table at the beginning 
of Part 2, Chapter IV. ; and in some plants thirteen nets 
have been used in an element instead of ten. This change 
necessitates thinner distance-frames. On some units also, 
auxiliary contact-chests designed to hold a single element 
have been built in a readily accessible position. 

The position of the platinum chest between the two oxide 
shafts is a bad one, and a redesigned plant would certainly 
have the chest somewhere else. Leaks invariably begin at 
one or other of the many joints, and repairs cannot be carried 
out without pulling down the brickwork which nearly surrounds 
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the chest. No platinum chest which has been in use for some 
months is tight, and the arsenical gas from the oxide shafts 
finds its way in and hastens the poisoning of the elements. 

From the two platinum chests the converted gas passes by 
separate pipes to the single cooler, which is identical in size 
and shape with those used for the gas from the oxide shafts. 
On the way to this cooler the gas is deprived of some of its 
heat by passing over the pipes of the two heat exchangers, and 
falls in temperature from 
480®- 500° to 320°- 300". 

It then enters the three 
towers which form the 
second section of the ab- 
sorption system. The first 
section consists, it will be 
remembered, of those two 
towers which received the 
gas from the oxide shafts. 

The Absorption System, 

— The five towers are simi- 
lar in design, construction, 
and packing to the towers 
of the D.E.S. Grillo plant 
already described, but in 
this case the whole five arc erected on the concrete platform in 
one row. At the foot of the towers are four steel acid reservoirs 
6 ft. in diameter, 2 ft. ii in, high, erected at a height sufficient 
for feeding to the four centrifugal pumps which are in pairs 
between the reservoirs, each pair being driven by a single motor. 
This layout can be inspected in Fig. 125. Each reservoir is 
fitted with a cast-iron lute box in the centre of the cover, into 
which the acid returning from the towers is run, and all except 
the first in the series are fitted with steel water-jackets. 

The towers are numbered i to 5 in the order of the gas 
stream ; the customary numbering of the acid tanks is in 
the same direction. The essential points of the system may 
be seen in the diagram (Fig. 130). Feed acid is run into 
No. I tank, and from there elevated into the feed boxes at 
the head of towers 2 and 5, returning mainly to the same 
tank but partly flowing into the next (No. 2) by means of the 
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pipe connecting the two feed-boxes on the tanks. All these 
connecting pipes are controlled by valves, so that acid can 
not only be passed forward, but backwards as well. From 
No. 2 tank, tower No. i is fed ; from No. 3 tank, tower 
No. 4; and to No. 4 tank, tower No. 3 is connected, in 
which the greatest amount of absorption occurs. The return 
from tower No. 3 is connected not only to tank No. 4 but to 
the feed-boxes of tanks Nos. 3 and 2, and sometimes to tank 
No. I also. The acid in any of these can be strengthened 
with oleum if necessary. The delivery pipe from the pump 


ABSORPTION TOWERS 

PLATINUM SIDE IRON 0)$^DE SIDE 



Fig. 130. — Kynoch Plant Acid Circulation System. 

connected to tank No. 4 has a branch leading to a high level 
sight-box, through which the stream of oleum running to 
storage from the unit can be seen. 

The circulation system of the Kynoch plant, which has been 
shown in the diagram only in a simplified form, is largely 
dependent on the adjustment of numerous valves on the 
return and forwarding pipes. It is very flexible, and with 
practice the adjustments are readily made and infrequently 
altered ; but on the whole the system requires, comparatively, 
a good deal of attention, and there seems no adequate reason 
why automatic overflows from tank to tank should not be 
fitted. This, indeed, was done many years ago on at least 
one large plant, and worked successfully. For strengthening 
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the acid in the weaker reservoirs when necessary, suitable 
by-passes could easily be provided without the present com- 
plication of piping. It would probably not be easy to reduce 
the number of reservoirs, on account of the concentration of 
trioxide vapour (and consequently the strength of the acid 
which can increase in strength on circulation) being different 
in nearly all of the five towers. 

Some Mannheim systems of older design had six towers, 
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Fig. 1 31. — Alternative Acid- Circulation System. 

three for each contact, the two first towers being combined 
with a single tank, the two second with another, and so on. 
There were then three circulation tanks, and by the provi- 
sion of overflows the circulation had comparative simplicity. 
So many towers, however, are unnecessary. Employing five 
towers, the same arrangement can still be maintained, with the 
exception that the acid in the odd tower (No. 3) is not, properly 
speaking, circulated at all, but is run straight through once and 
for all. This system which worked well in practice, is shown 
diagrammatically in Fig. 131. Towers i and 4 were connected 
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to tank No. 2, towers 2 and 5 to tank No. i. Feed acid of 
about 94 per cent, was run into No. i, and was raised in 
strength in towers 2 and 5 ; overflowing to tank No. 2 it 
again became more concentrated in towers i and 4. From 
tank No. 2 it was raised to a feed tank above tower 3, and 
allowed to run down at such a rate that it passed out at the 
bottom as 20 per cent, oleum. No attention was necessary 
except to the feeds to the tower and to the first tank. There 
is no reason why towers i and 4, and the feed tank above 
tower 3, should not all be fed from the same pump. Three 
tanks and pumps (including the pump for removing the oleum 
made) would then suffice. 

For all the pipes, cast-iron is preferable to steel, except 
for the delivery to and return from No. 4 (oleum) tank. A 
suitable size for the delivery is ij in., and for the returns 
ij in. Smaller return pipes than this are apt to run too 
slowly and cause the towers to “ choke,” />., fill with acid 
to above the gas-entrance pipe, when the feeds are heavy. 
With towers of the usual size, and the small output of the 
Mannheim unit, the advantage of counter-current flow becomes 
less than on other types of plant. Experience has shown 
that a battery of towers connected by short pipes alternately 
at top and bottom is scarcely less efficient than when the 
usual connections from top to bottom are fitted. 

2. Operation and Control. 

The Burners and Oxide Shafts . — The usual thickness of 
the bed in the Mannheim plant lump burner is about 10 in. 
Thicker beds, up to 20 in. can be used, but experiments carried 
out at Queen’s Ferry showed that the fires of the usual depth 
were easier to work, especially by inexperienced burner-men, 
more free from clinker, and more easy to restore when the 
dropping of the burnt ore from the bars had not been 
carried out properly.^ The ore used is in lumps which 
all pa.ss a 2-in. ring, and have passed over a screen with 
§ to J-in. holes, according to the amount of fines which 
must be included with the lumps. Hand-broken ore is of 
course preferred on account of its more even size and shape, 
* T,R,E,S.^ 1921, 6, 1 1. 



WORKING LUMP BURNERS 


399 


but more usually, as in the installations referred to, the ore 
comes from a crusher, the fines being fed to the Herreshof 
furnaces. In breaking Pefia ore at Gretna it was found that 
the proportion of j] — 2-in. lump, to fines not exceeding | in., 
was as 68 to 32. With hand-breaking only 10 per cent, of 
the smaller size was produced. This ore was employed on 
account of its low arsenic content. 

The operation of the burners consists of three processes — 
charging, raking, and dropping (/>., turning the grate-bar's to 
allow the burnt ore to fall through them) — which are carried 
out on each fire in regular rotation. As to charging, it is 
essential to make sure that the same amount of ore is always 
charged to every fire ; counting by shovelfuls is unreliable, and 
each charge, or at least each pair of charges, should be weighed 
or measured in a specially made box. If this is not done, some 
fires burn out before their time ; others are still burning when 
they are charged, and clinker may form as a consequence. A 
single charge may vary from 2 cwt. to 2-5 cwt., and in some 
cases may be more. It is dropped in from the charging shovel 
(Fig. 132), beginning at the front and working evenly towards 
the back. This and the subsequent operations should be per- 
formed as rapidly as possible to avoid the access of damp air to 
the kiln, although if the damper of the fan driving air into the 
kiln is properly adjusted, very little air should pass either in or 
out. Three hours after a fire has been charged, it is raked with 
a single pronged rake (Fig, 132), and this operation is repeated 
after two hours more, i.e., an hour before the time of the next 
charge. In raking it is important to bury the whole prong of 
the rake in the ore, so that the dust may be shaken down to the 
bottom of the bed. It is also very advisable to rake each fire 
in some definite way. Beginning, for instance, at the left-hand 
raking* door of any fire, the rake is inserted at the furthest 
accessible point of the burner-wall on the right-hand side, and 
is then drawn to the middle line of the fire. Then it is inserted 
with the point of insertion a little further to the left. The front 
of the fire is then raked as far as the middle line, the rake this 
time being pushed. The whole procedure is then repeated from 
the other door. This method removes from the back and sides 
of the furnace the dust which is apt to collect there. Finally, 
the fire is levelled with the double-pronged rake. 
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The dropping of these thin fires must be most carefully done, 
and requires trained men. The key (Fig. 132) is slipped on to 
each bar and is quickly turned five or six times through 30° or 
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Fig. 132. — Lump-Bumcr Tools. 

40°. If a bar is stiff it is not turned through a greater angle, 
but the next bar is turned slightly and left on the flat while 
the first is moved. Each bar is finally left on the diagonal, 
edge upwards. The usual time of dropping fires was one 
hour before charging. Each fire was therefore dropped once 
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in six hours. On some Mannheim plants this was not found 
necessary, and one dropping in twelve or even twenty-four 
hours sufficed. 

Manipulating the burners in the way which has been 
described, clinker never forms, and when the kilns are doing 
steady work Pena ore can be burnt down to 3 per cent, of 
sulphur in the residue, and even in some cases to 2 per cent. 
This result is of course not possible with all ores. 

One burner-man can attend to the twelve fires of one unit. 
A suitable charging order for the burner is shown in the 
diagram below, the numbers indicating the time of charging 
throughout the twelve hours. Raking is carried out three 
hours, and also five hours later. It will be noticed that the fires 
of the second section are timed at half-hours. This is to cause 
the fluctuations in gas composition, which occur when every 
fire is charged, to neutralise each other as far as possible ; 
charging every half-hour means that only one fire, instead of 
two, is charged at a time. The burner-gas concentration 
curve for the whole unit is made flatter, for of the peaks which 
occur (one from each newly charged fire) no two coincide. 
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The Herreshof furnaces call for little special remark. Each 
is capable of burning about 3 tons of ore in a day, and the four 
lump burners of a Herreshof unit arc charged and run in the 
usual way. The total capacity of the unit is therefore about 
8 tons per day. Ore containing too much dust should not 
be used on account of the choking of the oxide shafts, which 
is more apt to occur than with a lump-burning kiln. The lump 
burners of a Herreshof unit are more trouble to keep in order 
than the others, partly on account of dust, which tends to make 
them dull. The third shelf of the rotary burners is the hottest. 
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the second should be distinctly red, and the last should appear 
quite dead and black. 

The oxide shafts are charged with burnt ore which has been 
passed over a screen to remove pieces of less than i in., and it 
Is preferable to use cinder which has been recently dropped and 
is still hot. Each shaft holds about tons. It is usual to 
drop about 2 in. from each shaft once in twenty-four hours, but 
this amount may be varied in view of two considerations — that 
the arsenic content of the cinder taken out is not allowed to 
rise above 2 or 2J per cent, and that the shaft may tend to 
become blocked with dust, as indicated by the difference in 
pressure at the inlet and outlet of the shaft 

The average of the conversion in the shafts varies from 
30 to 40 per cent, and is said sometimes to rise to 45 per 
cent, but not to exceed this in ordinary circumstances. The 
conditions of temperature and gas concentration which are 
most favourable are not well known, and tests of the con- 
version are not easy to carry out in a reliable way. (See 
the discussion of ferric oxide as a catalyst in Chapter IV.) 
It has been found in many cases that for a burner-gas 
of the usual average composition (5 5 per cent. SO.,), with 
good ordinary conversion, the highest temperature reached 
in the shafts lies between 700'" and 750'', about half way up. 
The ore must be evenly sized and freshly burnt. There is 
agreement between the results of the researches on ferric 
oxide catalysis and the conclusions of those conducting the 
process, in that the presence of water has been found in both 
cases to diminish the activity of the mass, as well as to cause, 
in practice, much trouble from the formation of sulphate. 

As in the case of the Grillo converters already described, the 
intermittent charging of the lump burners gives rise to wide 
fluctuations in the gas concentration. These are, to a large 
extent, “ smoothed out by the unison of the four separate 
streams in the “oxide” coolers, and this process can be assisted 
by adjustment of the charging times, as already indicated. In 
the shafts themselves, however, these fluctuations are extreme 
and the conversion is unfavourably affected, for each rise in gas 
concentration causes a fall in conversion, and vice versa^ so that 
the ferric oxide never settles down to steady work. These 
changes are very similar to those which occur in Grillo 
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converters in connection with hand-charged sulphur-burners, 
and like them, are to be avoided only by adopting mechanical 
and continuous burning. 

The Purification System . — The process of purification in the 
Mannheim plant not only depends on the acid catchers and 
filter-boxes exercising their usual function of retaining acid 
mist, but is also involved with the action of the oxide shafts. 
In these the greater part of the arsenic is trapped, but the 
gas is also charged with sulphur trioxide, which the first half 
of the absorption system has then to remove. The concatena- 
tion of the preliminary air-drying results in the gas being of 
extreme dryness at the entrance to the filters, but laden with 
acid mist containing a high percentage of sulphuric acid. It 
is always necessary to bear in mind that success depends 
always on the use of acid approaching 98 per cent, in the 
second tower, for if the absorption here is incomplete, the 
acid catchers and filters receive, if not free trioxide which 
they are in no way designed to absorb, at least an abnormal 
amount of arsenical acid mist. 

By means of efficient air-drying the amount of water 
entering the burners can be kept down to 0 30 gm. per cubic 
metre ; if this figure is adhered to, the acid deposited in 
the “oxide” coolers attains a strength of about 10 per cent, 
of free trioxide and is small in quantity ; the formation of 
sludge is also very much diminished. The following figures 
show the relative amounts of acid produced in the various parts 
of the purifying plant : — 


Sourer. 

IVr cr*nt. 
H.jSOj. 

INt Cfiit. of Total 
rroductiou (6 tons). 

Tarts .\rsenic 
per Million. 

“ Oxide ” coolers . 

101.3 

1-20 

600 

Main fun 

99-1 

2.44 

180 

Acid catcher 

95'9 

1-39 


r*‘ Platinum ” cooler] . 

105.1 

0*09 

45 

kilters .... 


No drip 

... 


The main fan eliminates nearly one-half of the mist, but this 
half is largely composed of coarser particles carried over from 
the second absorption tower. It is found, in fact, that the con- 
densate in the fan is usually of nearly the same strength as the 
acid in this tower, and that its amount is proportional to the 
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tower feed. The acid catchers deal with the remainder of the 
coarser mist and the filters with the fine particles, but an 
amount which may vary considerably escapes from the filters 
and passes on. It is stated^ that from 1*0 to i-2 gm. per 
cubic metre usually pass from the fan to the acid catchers, from 
50 to 100 mgm. from the catchers to the filters, and from 2 to 
4 mgm. per cubic metre only should escape from the filters. 
These last figures might, perhaps, be obtained when the filters 
are newly packed, but the amount of mist passing to the rest 
of the plant is in general much higher. On one large plant, ^ 
the average of tests on eight sections (omitting abnormally 
high results) gave 0-026 gm. per cubic metre. The efficiency of 
the purification system, reckoned from percentages of mist 
entering and leaving, is often a high one ; but, whether the 
amount which escapes is sufficient to carry arsenic in deleterious 
quantity, or whether arsenic passes through which mere filtration 
cannot affect, the fact remains that the removal of arsenic is 
incomplete, and more or less frequent renewal of the mats is 
necessary. 

The efficiency of the oxide shafts as arsenic catchers has 
been variously estimated and, on a percentage basis, is higher 
the more arsenic the ore contains. It should be 90 per cent, or 
more for ores of medium arsenic content. On a pre-war unit, 
in 1909, burning 6 tons per day of Tharsis ore, the arsenic 
caught in the contact shafts was found to amount to 23 9 lb. 
per day. That trapped in the acid running from the fan, 
catchers, and filters was o-i6 lb. (as As); 1-7 mgm. per cubic 
metre left the filters in the gas, and i *i mgm. per cubic metre 
left the platinum contact shafts. Of the total amount leaving 
the burners (25-5 lb.), about 94 per cent, was therefore retained 
by the oxide and about 5 per cent, passed through all the 
purifying boxes. 

In another series of tests made at Gretna in 1917, where 

tons of Pefta ore (containing only 0 06 per cent. As) were 
being burnt per day, the percentage retained in the oxide 
shafts was only 63, but that passing from the filters in the 
gas (equal to 2 mgm. As per cubic metre) was 29 per cent, 
of the total issuing from the burners. Considerable evidence 

^ Parkes, he, cii. 

* T , R , E , S.f 1921,6, 17. 
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was obtained to support, although not to establish, that the 
arsenic passes through in a volatile form generated by the 
action of iron on arsenical acid sludge. To the production 
of this gas the Mannheim plant, with coolers, pipes, and filters, 
all of cast-iron or steel, should appear to be particularly liable. 
In view of all these facts it is clearly of importance to select 
an ore containing as little arsenic as possible. 

The purification system of the Mannheim plant is unequal 
to the demands made on it, and the ease in renewing the 
contact-mass is only a very partial compensation. Improve- 
ments in the system would necessarily follow rather novel lines. 
The air drying could hardly be given up without making the 
purification more difficult ; the separate absorption of trioxide 
from the oxide shafts is a necessity, and these two conditions pre- 
clude any wet method of purification. For some other methods 
of arsenic removal Chapter VI. (p. 201) may be consulted. 

The “ Platinum ” Conversion System . — The temperature in 
the platinum chest is regulated by two pyrometers, one in the 
superheater header from which the gas enters, and one in the 
outlet of the chest. These temperatures vary considerably 
according to the age of the plant and the condition of the 
platinised mats. With new mats, in a new plant, entry at 400° 
may give good conversion. A number of units which have 
been working for some time with a certain proportion of 
rewashed mats may show entry temperatures lying between 
420° and 500^ and averaging about 460°. If a set of mats is 
continued in use unchanged it becomes necessary to raise the 
temperature more and more to obtain a conversion which is 
permissible, and when 500'' or 510° has been reached it is 
usually found that conversion has sunk so much that a change 
of at least one element is advisable. The new element is put 
in at the top and the bottom one removed for w^ashing, the 
original topmost element being reinserted in the middle. 
To carry out this removal, the element is pulled partially 
out by means of a hooked bar inserted in one of the handles 
of the upper frame, and is supported on trestles or on a long 
iron bar held with the point on the shelf of the chest. Grapples 
are then fitted (Fig. 133) and the element swung down to the 
floor level by a suitable tackle. 

The temperature in the outlet will generally be 30"* or 40° 

2 L 2 
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higher than in the inlet, but the heat transference to or from 
the chest in its customary position is uncertain, and the 
indications of the outlet pyrometer have only a relative value. 
The gas entering the chest should average 3 0 per cent, of 
sulphur dioxide and 3 5 per cent, should not be exceeded. 

The percentage of oxygen 
should be about 12 to 12*5. 
These figures are checked 
daily by continuous gas tests 
made at the outlet from the 
filters, and the necessary 
alterations are best made by 
varying the speed of the 
main fan or blower. It has 
sometimes been found, how- 
ever, that the sulphur dioxide in the gas leaving the filters 
cannot be reduced to 3 per cent, or so in this way without 
drawing more air through the burners than is advisable, and 
a vent in the main between the “ oxide ” coolers and the first 
absorption tower is therefore sometimes made, through which 
the necessary excess air can be drawn in without unduly cooling 
the burners and oxide shafts. 

It is not easy to give representative figures for the 
“platinum*’ conversion because, like the necessary inlet 
temperature, this varies with the condition of the mats and 
the age of the plant. At first, with mats in good condition, 
about 90 per cent, should be obtained, and for a few months 
with careful working perhaps even 92 per cent. ; but after this 
it is probable that the whole plant becomes more or less 
impregnated with arsenic and settles down to steady work, in 
which, with fairly frequent renewals of mats, between 80 and 
86 per cent, may be obtained. After some years of operation 
of any unit, it is doubtful whether the platinum is ever free 
from arsenic ; but this is not an insuperable disadvantage, for a 
considerable amount is nece.ssary to cause conversion to sink 
below say 83 per cent., at the temperatures at which the mats 
are worked. Efficiency then becomes dependent mainly on the 
rewashing and renewal of the mats, both processes involving 
heavy losses of the platinum. The total amount of platinum, 
however, is relatively smaller than on any other plant 
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The amount of arsenical material which can be present in 
mats which are still functioning fairly actively is surprisingly 
large. In one case of mats which had been ten weeks in use 
in 1912, 38 gm. of arsenic (As) were found to be associated 
with 100 gm. of platinum ; others which had been used for six 
months contained 55 gm. for every 100 gm. of platinum. In 
a number of tests made on eight mats of one section of a unit 
the least quantity found per mat was 2*3 gm. in one of the 
newest ; and the greatest 40-7, in one of the oldest. It is 
probable that the chemical and physical alteration of the 
asbestos, under the action of the hot sulphur trioxide, and the 
deposition of solid matter, have much to do with the loss of 
activity. The details given in the discussion of the methods 
for preliminary treatment of the mats, and for rewashing them, 
would tend to support this view (Chapter IV., part 2). 

Absorption , — As the description of the absorption system of 
the Kynoch plant has already been made clear, the regulation 
of the system depends on the adjustment of a large number of 
valves. Practice is required to maintain the acid in the 
circulation tanks at the right .strength, and to keep a fairly 
constant level of acid in all four tanks at once. With an over- 
flow system the supervision is greatly simplified. 

The main requirement in operating any Mannheim absorp- 
tion system, beyond running off the proper strength of oleum, 
is to secure the best possible absorption in the two towers 
constituting the ‘‘oxide” absorption system. Any failure to 
do this results in either trioxide, or large quantities of acid 
mist, passing into the acid catchers. It is therefore necessary 
to have acid of 98 per cent, in the first circulation tank, and not 
to allow it to exceed this strength by more than, say, 0 5 per 
cent., for even under 100 per cent, the acid will fume seriously 
if the temperature be sufficiently high. The contents of No. 2 
tank (tower i) will be, usually, weak oleum of about 5 percent, 
No. 3 tank will contain, say, 10 per cent oleum, and No. 4, 
20 per cent. The temperature in the tanks, with the usual 
cooling jackets, is usually from 50'’ to 60°, the gas entering 
the first tower at about the same temperature, and the third 
tower at 55° to 70^ 

The jacketed reservoirs of the Kynoch plant were apt to 
give much trouble by springing leaks at the joints of the 
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outlet pipes passing through the jackets, and have been 
replaced, in later designs, by small cooling coils connected to 
the acid outlets of the first and third towers. 

General Data . — In the table below are given a series of 
pressures and temperatures which are representative of those 
obtaining in a Kynoch plant in good order.^ It is particularly 
necessary to keep records of pressures at various points and 
preferable to record them graphically. Any gradual increase 
of resistance at any point can then be detected, and a remedy 
applied. If this is neglected not only are blockages likely to 
occur, but the resistance of the plant as a whole may increase 
slowly, with serious results to its capacity. The data are 
supplementary to those already given. 


Temperature and Pressure Data. 


roint. 

Tump, 

I’n-MS. 

ins. 

I’ullll. 

Ti’inp, 

1 

PrrsH. ; 
iiiN. 1 

. - 

0 < . 

WatiT. 

' 

" 

WiiU-r. 

Leaving air fan 


+ 1-8 

l.caving li Iters . . . i 

15 

+ 2.4 

„ air-drying toner 


O.S 

,, heat exchanger . , 

,, " forewarmer ” pipes 

1 

240 


„ “ forewamier ” chand)cr 

„ "oxide” coolers i 

510 

-0*2 

370 

... 

and 2 . . 

j 159 


,, sii|)erheater . . j 

480 


„ " oxide ” cooler 3 

! 65 

- M 

„ platinum chest . * 

500 


„ absorption tower i . 

1 45 

~ 1.6 

,, heat exchanger 

230 


tl M 11 2 . 

: 35 

-- 2*0 

,, " platinum ” cooler 

80 

0*9 

„ main fan . 


i + 3-0 i 

„ absorption tower 3 , 

60 

06 

„ acid catchers 

1 

+ 2.7 

11 >> 11 5 ' 


O-I 


Efficiency , — The overall efficiency of a Mannheim, as of 
any pyrites-burning plant, is the product of two factors, one 
representing the proportion of sulphur burnt, and the other the 
total (“oxide” and “platinum”) conversion. It is calculated 
as usual from the known amounts of sulphur supplied and 
remaining in the burnt one, and the net amount of acid made. 
This calculation can be checked by comparison with the over- 
all conversion of sulphur burnt, but this quantity is difficult 
to ascertain on a Mannheim plant, and is most readily and 
certainly found by the indirect method which has been given 
in Chapter V. 

An overall efficiency of 85 per cent, would be counted a 
* 1921, 8, 24, 29. 
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good one, and although this figure has often been reached on 
runs of short period it has not usually been held for long. Of 
the plants erected during the War, that with the best record for 
its total period of running was the Oldbury installation of two 
units. The efficiency over a period of twenty months was 
79*5 cent.^ This may be compared with the results of a 
run of two months with two units at Gretna in 1918, the main 
data of which are given below. 


Pyrites charged (45 05 per cent. S) 
Equivalent SO3 
SO3 produced 

Residue (3'56 per cent. S) . 

SO3 equivalent to S in residue 


847-1 tons 
- 954**0 „ 

- 767-30 

- 676-8 „ 

^ 60-28 „ 


Efficiency on sulphur burnt = 85-85 per cent. 

„ „ charged - 80-43 „ „ 


A large Mannheim installation burnt, during 1916,9121 tons 
of Tharsis ore (50-43 per cent. S) and recovered 9364 tons 
of trioxide, the cinder containing 5-22 per cent. S ( = 3-74 
per cent, on the pyrites). From this : — 

Efficiency on sulphur burnt = 87-9 per cent. 

„ „ charged = 81-5 „ „ 

The comparatively low overall recovery effected by the 
Mannheim plant is only a partial objection, and might be 
counterbalanced by a low cost for labour and maintenance. 
But in general both these costs are high.^ A redesign of the 
plant which removed the present weak features would no doubt 
to some extent lessen the cost of maintenance, but the 
remodelling would have to be drastic to affect seriously the 
high charge for labour. Hand-worked burners are costly to 
operate. They might be replaced by Herreshofs entirely if the 
difficulty of obtaining gas hot enough to enter the contact 
shafts could be overcome without using lump burners to supply 
additional heat. The filling of the oxide shafts necessitates 
also a considerable amount of labour, not to mention the 
frequent repacking of a number of small filters, and the 
removal and insertion of contact-elements. 

The Mannheim plant as a whole, however, in spite of many 

* Second Report on Costs of H,M, Factoriesy p. 28. 

* See Second Report of Costs and Efficiencies of H.M, Factories^ 1918. 
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disadvantages, presents some attractive features. It is not 
expensive to instal. The units are suitable to a small 
production, and the amount of platinum is much less than 
in any other plant. It is possible that a new type of plant 
depending on the same principle of employing ferric oxide 
on some other cheap catalyst in addition to platinum, may in 
time be evolved. Such a plant would have mechanical burners 
only ; the purification system would be larger and more efficient 
than the present one ; the contact-chamber would be removed 
from its present position and made more accessible and capable 
of better regulation of temperature ; the superheater would be 
remodelled, and for ordinary running, dispensed with altogether ; 
and the absorption system would be simplified and reduced in 
bulk. It is possible that Grillo contact-mass could replace 
asbestos with advantage, being introduced in trays similar in 
shape to the present elements. Without some such radical 
alterations in design, the future of the Mannheim process is by 
no means assured. 
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affected by, 116, 117 
Solubility in sulphuric acid, 20 1 
Vapour pressure, 200 

Asbestos 

as Catalyst carrier ; for vanadium 
oxide, 120 

Effect of heating in acid gas, 
149 

as Filter packing, 232, 341 
for Mannheim contact mats, 146 
Platinisation ; discovery, 4 
Properties, 128 
Varieties, 128 
Auxiliary absorber 
Cast-iron tower, 320 
Connection to drying-towers, 363, 
373 

Gas-lute for, 320 
Tentelew pattern, 370 
Use for making pure acid, 241 
ATonmouth Plant, 29 r, 292 

Badische (American) Plant, 170 
Badische Works. Oleum production 
to 1900, 19 


Balanced reaction. See Oas-equl- 
llbrlum 

Barium oxide. Addition to ferric 
oxide contact-mass, 119 

Belgium. Oleum Plants in, 344 

Blower 

Kynoch fan, 390 
Reciprocating type, 375 
Roots type, 306 ; gland-packing for, 
307 ; regulating value for, 307 
Turbine type, 364 

British Dyestuffs Corporation, 382 
See also Dalton Oleum Plant 

Burner gas 

Conversions obtainable at various 
temperatures, 81 ; Bodenstein’s 
figures, 89 ; early work, 18 ; 
Knietsch's experiments (ist 
series) 89, (2nd series) 86 
Fluctuation in SO.2 percentage ; 
conversion affected by, 328 ; 
conversion (Fe.^Oa) affected by, 
402 ; in pan-type sulphur-burners, 
322 ; in pyrites lump-burners, 
401 

Purification. See Oas-purihcatlon 
Specific heat (5 to 10 percent. SO.^), 

195 

Bumer-gas cooler 

Connections to dust-chamber, 
222, 298, 300 

Cylindrical, with baffles ; Mann- 
heim Plant, 388 
^3/' Horizontal lead pipes, 222 
with Internal cooling by acid, 223 
Precipitation of water in, 226 
Tentelew type ; with internal 
cylinders, 372 ; usual pattern, 
224, 355 

Water- sprays for, 221 
of Vertical lead pipes, 220 ; Ameri- 
can pattern, 220 ; capacity, 
222 ; Grillo (D.E.S.) pattern, 
221, 298 

Burner gas cooling 

by Contact with acid ; Dalton 
(original) Plant, 345 ; Duron 
and Hartmann, 226 ; Grillo 
Plant, 336 ; Herreshof, 227 ; 
Rabe’s system, 224 

Calcium carbonate. Removal of 
arsenic from burner gas, 201 

Carbon dioxide. Effect on gas- 
equilibrium, 86 
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Carrier. See Catalyst carrier 
Cast-Iron. Corrosion by oleum, 59 
Catalysis 

Dependence on subdivision of 
catalyst, no 

by Palladium ; in relation to 
occlusive power, 114 
Theory of ; adsorption,’ 107 ; 
Berzelius, 35 ; capillarity, 107 ; 
intermediate compounds, 105 ; 
Wieland, 106 : Wohler and 
Mahla, 7 

by Ultra-violet light, 112 
Catalyst 

Adsorption ; of catalyst poisons, 
1 13 ; ^reacting gas, 107 
Definitions, 76, 77 
See Contact-mass (= catalyst in 
actual or proposed inamifac- 
lure) 

See also Arsenic pentoxlde, 
Chromium oxide. Chromium 
sulphate, Cobaltous sulphate. 
Copper oxide. Copper sulphate, 
Ferric arsenate, Ferric oxide, 
Ferric sulphate, Glass, Iridium, 
Manganese dioxide, Manganese 
sulphate. Nickel sulphate. 
Palladium, Platinum, Platinum 
black, Platinum oxide. Porce- 
lain, Rhodium, Silica, Tungsten 
trioxide, Vanadium oxide, 
Uranium sulphate 
Catalyst-carrier 

Required qualities of, 127 
Sec also Asbestos, Chromium oxide, 
Copper oxide. Ferric oxide, 
Kieselguhr, Magnesium sul- 
phate, Pumice 
Catalyst poison 

Adsorption of, by catalysts, 113 
See also Antimony compounds, 
Arsenious compounds, Arsenious 
hydride, Chlorine compounds. 
Hydrochloric acid, Iodine, Lead 
sulphate, Selenium compounds, 
Silicon fluoride, Sodium chloride, 
Sulphur, Tellurium compounds, 
Water 

Catalyst poisoning 

First record of, 12 
Theories of, 1 13 

Ceratherm. Inlet to burner-gas 
cooler, 222 
Chlorine compounds 

Catalyst poisons, 112, 196 


Chlorine poisoning. See Hydro- 
chloric acid, Chlorine 
Chlorsulphonlc acid 
Formation, 35 
Manufacture, 37 
Physical properties, 35 
Reactions, 36, 37 
as Sulphonating agent, 37 
Chromium as contact-mass, 123 
Chromium oxide 
as Catalyst ; discovery, 6 
as Catalyst-carrier ; for platinum, 
119 

as Contact-mass, 6, 124 ; mixed with 
other oxides, 125 ; patent, 7 
Chromium sulphate as catalyst, 
125 

Chrysotile asbestos, 128 
Clayton Aniline Co., 381 
Cobaltous sulphate as catalyst, 125 
Coke 

as Filter-packing, 227 

Use to decompose acid mist 
above 300^, 244 

Contact chamber. See Converter 
Contact-mass 

Arrangement ; in annular zones, 
157 ; in Badische converter, 159 ; 
in Tentelew converter 
Revivification in converter ; by 
chlorine ; by steam, 202 ; by sulphur 
dioxide, 202 ; by temperature 
increase, 202 ; by water-washing, 
203. See also Qrillo contact-mass. 
Revivification. 

Testing, 149 ; apparatus for, 150 
See Catalyst for experimental 
information. See also Chromium, 
Chromium oxide, Copper sul- 
phate, Ferric oxide, Grillo con- 
tact-mass, Ilmenite, Iron alloys, 
Mannheim contact-mats, Molyb- 
denum-iron alloy, Phosphoric 
acid. Platinised asbestos. Rare 
earths, Selenium, Silver and 
gold alloys. Tantalum metals, 
Tellurium, Tentelew contact- 
mass, Vanadium oxide 
Contact Plant. See Oleum Plant 
Contact Process 

Conversion under pressure, 15 
Discovery, i 

Function in explosives works, 293 
Stoichiometric gas mixtures used ; 
Squire and Messel, 1 1 ; Winkler, 
9 
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Oonversion ( Yield) 

Calculations of ; nomographic 
charts for, 190, 191 ; from Reich 
test results, 190 ; from SO2 per- 
centages, 189; from SO2 and 
oxygen percentages, 193 
Dependence ; on amount of 
catalyst, 92 ; on catalytic 
activity, 78 ; equilibrium, 78 ; 
on oxygen partial pressure, 83 ; 
on SO2 concentration (above 
ferric oxide), 115, 117; on 
velocity of reaction, 89 
Determination (in laboratory) ; 
apparatus for, 149 ; results 
affected by furnace construction, 
98. See also Conversion tests 
for plant methods 
Effect of inert gases, 84 

of Gas mixtures (various) ; over 
ferric oxide, 90, 116, 117 ; over 
platinum, 81, 90, 92 
Limited by uncontrolled heat of 
reaction, 154 
Periodic changes in, 327 
Temperature control. See Con- 
verter. Temperature control 
Thermal data, 195 
See also items under Catalyst, 
Contact mass individually 

Conversion system 

Converters in series ; advantages, 
168; Dormagen Plant, 170; 
Herreshof-Badische, 169, 17 1 ; 

with intermediate removal of 
trioxide, 170; patents, 168 

Duties, 15 J 

Regenerative operation ; condition 
for, 180 

See also Heat exchange system, 
Heat exchanger, Preheater 

Conversion temperatures 

in Converters in series, 168, 
170 

Control. See Converter ; tem- 
perature control 

in Grillo converter ; non-regenera- 
tivc type, 156; regenerative 
type, 328, 332 

tn Mannheim platinum chest, 406 

in Tentelew converter, 368, 378 

Conversion test 

Method of oxygen estimation, 192 ; 
calculation, 193 ; nomographic 
chart, 194 


Conversion test — continued. 

Reich method; apparatus, 184; 
calculation, 190 ; iodine solution 
modified for, 187 ; nomographic 
chart, 190; operation, 186; 
sulphur trioxide has no effect, 
187 ; tables for, 188 
Sampling pipes, 185 
Sampling places, 184 
See also Conversion ; determination 
of for experimental methods 
Converter 

Badische type; air-cooled, 155; 

regenerative type, 158 
Combination with heat-exchanger, 
166 

Construction ; with annular zones, 
157 ; in removable sections, 158 ; 
in sections alternately with heat- 
exchangers, 165 

Distribution of gas ; means for, 157, 
159, 163, 167 

Division into sections for thermal 
control, 165 

Grillo ; distribution of load between 
sections, 328 ; early type, 155 ; 
mass in tubes, 167 ; non-regenera- 
tivetype, 156, 337, 342 ; regenera- 
tive type, i 63» 310 
Heating of ; in old plants, 1 53 
Mannheim. See Mannheim ; Plat- 
inum chest 

Perforated plates for carrying mass ; 

in Badische converter, 159 
Temperature control ; by cold gas 
admission, 153, 173; “cold gas” 
valves for, on Grillo plant, 310; 
by dilution with air, 173; ^in- 
dependent sections, 165 ; first 
patent, 153; patents (various), 
173; regenerative cooling, 153; 
by regulation of radiation, 157. 
See also Conversion temperatures 
Tentelew ; non-regenerative type, 
160, 365, 376 ; tubular type, 
160, 36s 

See also Conversion system 
Converter-gas cooler 
Constructed as oleum still, 288 
Continuous pipe-run type ; construc- 
tion, 313 ; freezing of acid in, 313 
Cylinder with baffles; Mannheim 
pattern, 288 

Multitubular t^e ; Mannheim 
pattern, 288 ; Tentelew pattern, 
368 
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nverter-gan cooling. Acid mist 
may be formed by, 285, 333 
K>ler. See Acid cooler, Burner-eras 
cooler, Converter-eras cooler 
»pper oxide 
Catalyst ; discovery, 6 
Catalyst carrier for platinum, 1 19 
Catalytic power of ferric oxide 
affected by, 125 
epper oxide 
Catalyst, 125 
Contact-mass ; patent, 7 
ordite (R.D.B.) manufacture 
Acid production for ; flow-sheet, 294 
lotton as filter-packing, 337 
lotton-wool as filter-packing, 22 ^ 
r'ottrell Process. See Blectrical dust 
precipitation, Electrical mist 
precipitation 
IrocidoUte asbestos, 1 28 

Dalton Oleum Plant 

Original design, 344 
Remodelled, 345 

Department of Explosives Supply. 
See Orillo Plant (D.E.S.), Mann< 
helm Plant 

Dolomite. Removal of arsenic from 
burner-gas, 200 
Dormaffen Plant, 22, 238 
Conversion system, 170 
Drying of Gas. See Gas-dryinfir. 
Drying tower 

Cast-iron, used in U.S., 269 
Lead, Tentelew, 361, 374 
See also Gas-drying, Mannheim 
Plant; air-drying tower 
Drying tower system 

Feed from absorption system, 270 
General arrangement, 239 
Tentelew ; acid circulation, 375 
Dust chamber 

Connection to burner-gas cooler, 
222, 298 

Grillo Plant (D.E.S.), 298 
Howard type, 314, 354 
Dust particles. Mobility ; calcula- 
tion of, 219 
Dust removal 
Methods of, 214 

See also Hlectrioal dust precipita- 
tion 

Bast Greenwich Plant, 291 
Bleotrioal dust precipitation 
Dalton (B.D.C.) Plant, 346 


Electrical dust precipitation — conL 
Dormagen Plant, 238 
in Germany, 215, 216 

Grid and wire type ; descrip- 
tion, 217 

Service des Poudres experiments, 
217-219 

in United States, 215 
Electrical mist precipitation 
for Burner gas ; Dalton Plant, 346 ; 
other plants, 243 

for Exit-gas from absorption system, 
270 

Electrolytic oxygen. Use for Con- 
tact Process, 15 

Epsom salts. See Magnesium 
sulphate 

Equilibrium. See Gas equilibrium. 
Equilibrium constants 

Conversions calculated from, 81, 100 
Data surveyed, loi 
Determination ; Bodenstein and 
Pohl, 97 ; Bodl.inder and Koppen, 
95 ; Knietsch, 97 
Formula-' for, 80 
Graph of, 80 
Table, 99 

Feed-acid table, 276 

Ferric arsenate. Catalyst, 1 18 

Ferric oxide 

for Absorption of arsenic compounds, 
1 17, 201 

Catalyst ; conversion by, 116, 
1 17; effect of arsenious oxide 
on, 1 16 ; effect of copper oxide 
on, 1 16 ; influence of SOo con- 
centration on, 1 1 5, 1 1 7 ; tempera- 
ture coefficient of, 109 
Catalysis by ; theory of, 106 
as Catalyst carrier for platinum, 
X19 

Catalyst poisoning of, by water, 
1 1 5, 402 

Catalytic power, 115 ; Knietsch^s 
results, 89 

as Contact - mass ; active variety 
prepared, 119; briquetting of, 
1 19 ; conversion given by, 1 18 ; 
efficiency of arsenic removal, 
404 ; influence of arsenic in, 
117, 118; in mixture with 

gypsum, 125 ; in mixture with 
other oxides, 119; patent, 7; 
preliminary treatment of, 1 19 ; 
temperature of use, 1 16, 1 17 
2 M 2 
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Ferrio oxide — continued. 

Reduction in contact-shaft, 119 
See also Pyrites oinders 
Ferric oxide (hydrated). Arsenic 
removal by, 201 
Ferric sulphate 
as Catalyst, 12$ 

Dissociation pressure, 106, 117 
FUter 

Coke-packing ; size of material, 

301 

Efficiency increases with gas con- 
centration, 326 
Freezing of acid in, 301 
Function of, before and after 
scrubbers, 228 
Large box type, 229 
Mannheim acid catcher, 390 
Mannheim, slag sand-packed, 390 
Packing materials, 227. See also 
Asbestos, Coke, Cotton - wool. 
Quartz, Sawdust, Slas sand 
Small box type, 229, 231 
Tentelew, 232, 357 

France. Oleum Plants in, 22, 344, 

346 

Furnace for calcining magnesium 
sulphate, 133, 138 

Ghks-blower. See Blower 
Gas cooler. See Burner gas cooler, 
Converter gas cooler 
Gas drying 

Effect of, when extreme ; on 
platinum, iii ; on vanadium 
oxide, 1 18 

by Passage through coolers, 236 
Sulphuric acid for ; chart for 
calculating consumption, 240 ; 
production, 241 ; purity im- 
portant, 241 

Water content of dried gas, 

241 

See also Gas drying tower 
Gas equilibrium 

Characteristics, 77 
Determination over ferric oxide, 
106, 1 17 

Effect on ; of oxygen percentage, 
79. 83 ; oj pressure, 79, 87 ; of 
ultra-violet light, loi 
Independence of catalyst, 78 
See also Blquilibrium constant 
Gas filter. See Filter 
Gas lute, 320 


Gas mixtures 

Conversion ; limited by heat 
development, 1 5$. See also Con- 
version ; ^gas mixtures 
Specific heat, 195 
Gas-purification 

Badische experiments, 18, 197 
by Dissolving the SO2 in water, 245 
Omission of, for Louisianian 
sulphur, 245 
Rabe^s system, 224 
See also Arsenious compounds. 
Chlorine compounds. Drying 
tower, Filter, etc,<^ also Sul- 
phuric acid mist 
Gas reaction 

under Pressure ; patent, 1 5 

Thermal data, 31. See also 
Heat of reaction 
Thermal effect ; early neglect 
of, 15, I 17 

Velocity. See Velooltjr of 
reaction 

Water vapour ; effect of, in 
Gas washer 

Badische type, 236 
Compared with packed tower, 237 
Dormagen Plant, 238 
Liquids used in, 233, 237, 238 
Tentelew type, 237 

General Chemical Oo. Plants in U.S., 
22 

Glass. Catalyst, 104 

Gold. Alloys of, as contact-mass, 124 

Granite. Tower packing, 267 

Grease catcher. Grillo Plant, 307 

Gretna Plant, 29 1 

Grillo contact-mass 

Magnesium oxide found in, 144 
Manufacture ; calcination of the 
sulphate, 132 ; combination pro- 
cess, 138 ; loss in manufacture 
and filling, 138; platinisation, 136 
Origin, 129 

Platinum percentage in, 126, 310 
Preliminary treatment in converter, 

139 

Preparation on lab. scale, 13 1 
Recovery of magnesium sulphate 
from, 141 

Revivification ; by aqua regia, 140 
Revivification in converter. See 
Contact-mass. Revivification 
Reworking without separating 
platinum, 140 
Storage, 136 
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OnUo Plant (D.O a), 291 
Absorption acid cooler ; heat 
absorbed by, 334 ; temperatures 
in, 333 

Absorption system j at East Green- 
wich, 318 ; a/ Gretna, 317 ; opera- 
tion, 332 ; at Queen*s Ferry, 
318 

Absorption tower ; construction, 
313; sight-box for, 315 
Burner-gas ; oscillations in SO2 
content, 322 

Burner-gas (“SO2”) cooler, 298; 

corrosion of inlet-pipes, 300 
Conversion ; oscillations in, due to 
uneven burner-gas, 327 ; in 
separate sections of converter ; 
working figures, 327, 33b. 335 
Conversion system ; operation, 327 
Converter; construction, 31 1 ; gas- 
distributing plates, 312 ; platinum 
distribution, 310 

Converter gas (“ SO3 ”) cooler, 

313 

Converter house ; plan and eleva- 
tion, 309 

Efficiency (over all) ; test-run to 
determine, 334 

Filters ; amounts of SO3 and water 
removed by, 325 ; concentrated 
burner-gas used in, 327 ; con- 
struction, 301 ; efficiency, 228, 
325 ; sulphur deposition in, 300 
Gas flow sheet, 294 
Grease catcher, 307 
Heat exchangers, 308 ; heat trans- 
ference data, 181 

“Heater-cooler”; construction, 298, 
308 ; heat transference data, 18 1 ; 
operating data, 332 
Plan of a unit, 294 
Preheater (fired), 310 
Pressure equaliser, 306 ; freezing of 
acid in, 306 
Roots blower, 306 

Scrubbing towers ; acid circulation, 
304 ; amounts of SO3 and water 
removed by, 325 ; construction, 
303 ; operation, 324 ; plan and 
elevation, 304 

Sulphur burners ; charging order, 
322; construction, 295 ; opera- 
tion, 321 

arlUo Plant (Indian Head U.S.) 
Absorption system, 342 
Conversion system, 341 


Grillo Plant (Indian Head U.S.) — cont 
Efficiency, 343 
Purification system, 340 
Sulphur burners, 339 
arlllo Plant (Nltro U.S.) 

Absorption system, 338 
Conversion system, 337 
Plan and elevation, 336 
Purification system, 336 
Sulphur burners, 336 
Qrlllo Process 

Distinction from other processes, 
289 

Experiment (early) on, 19 
Origin, 20 

Purification of ; defects in, 289 
Gutzeit test for arsenic in oleum, 73 

Hamboom Works, 20 
Heat ezchanKe system 

Exchanger and converter combined, 
166 

Exchangers alternating with con- 
verters, 168, 170 
Heat exchanger 

Efficiency (5 cases), 181 
Heating area (5 cases), 18 1 
Mannheim “ Forewarmer,” 392 
Multitubular type ; cleaning, 179, 
308 ; D.E.S. design, 178 ; with 
extended gas-path, 178; Tentelew 
pattern, 160, 178, 365 
Suspended U-tube type ; Grillo 
(D.E.S.) pattern (“Heater- 
cooler”), 180, 298, 308 
Heat of Conversion 

Absorption, by an endothermic 
reaction, 159 

Effect on conversion, when uncon- 
trolled, 154 

See also Heat of reaction 
Heat of reaction 

Sulphur dioxide and oxygen, 31, 
97» 99> 195 ; variation with 
temperature, 100 

(^Sulphur trioxide and potassium 
sulphate, 39 

of Sulphur trioxide and water, 32 
Heat regeneration in conversion 
system 

Conditions for regenerative opera- 
tion, 180 

Converters regenerating internally, 
158 

First patent, 153 

Heat rise test. Oleum; Analysis 
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Heat transference. See Heat ez- 
changer 

Herre 8 liof>Badi 80 he Plant, 1 70 
B 5 ohst Works, 12 
Holton Heath Plant, 350 
Hornblende asbestos, 128 
Humidity of atmosphere 
Determination, 211 
Influence on deposition of acid in 
purification system, 211 
Water (weight of) in saturated air, 

245 

Hydrochloric acid 

Catalyst poison, 112; effect in 
practice, and remedy, 204 
Elimination from burner-gas ; by 
alkali wash in packed towers, 346, 
347, 374 ; by scrubbing with weak 
acid, 205, 306 ; in Tentelew Plant, 
361, 374 ; by water spray, 325 
Hydrogenation of oleic acid, 1 14 
Hydrogen sulphide. Effect on ad- 
sorption by palladium, 113 


Ilmenite as contact-mass, 125 
Iodine as catalyst poison, 112, 196 
Inert gas. Effect on gas equilibrium, 
86 

Iridium 

Comparison with platinum as 
catalyst, 123 

Separation of pLatinum from, 143 

Iron 

Alloys as contact-mass, 123 
Corrosion by oleum, 58, 272 
Italy. Oleum Plants in, 350 


Kestner automatic egg, 306 
Kieselguhr as catalyst carrier, 122 
Kreuznach Works, 1 2 
Kynoch Oo. Mannheim Plant, 381 


Lagging, See Thermal insulation 
Lead 

Corrosion of, by sulphuric acid and 
oleum, 59 

Effect on adsorption by palladium, 
114 

Lead sulphate 
Catalyst poison, 112, 196 
Solubility in sulphuric acid, 60 
Lime. Removal of arsenic from 
bumer-gas by, 201 


Magnesium sulphate 

AT Contact > mass ; testing, 131 ; 
properties, 1 30 ; recovery from 
Grillo contact-mass, 141 ; speci- 
fication for, 1 31 
See also Grillo contact-mass 
Manganese compound as contact- 
mass, 6 

Manganese dioxide as catalyst, 1 1 x 
Manganese sulphate as catalyst, 125 
Mannheim contact mats 
Arsenic found in ; amounts of, 
407 

Asbestos for, required qualities of, 
146 

Building up, 394 
Platinum percentage, 126 
Platinising ; apparatus, 147 ; 
methods, 148 

Preliminaiy heating in converter, 
148 

Revivification by acid washing, 149 

Mannheim Plant 

Absorption system ; alternative 
arrangement, 397 ; Kynoch 
arrangement, 395 ; operation, 
407 

Air-drying towers ; construction, 
383 ; connection with absorption 
system, 384 
Burner-gas cooler, 388 
Contact elements, 394 
Efficiency, 409 

“ Forewarmer” ; construction, 391 ; 

thermal data, 18 1 
Gas flow sheet, 384 
Heat transference data, 181 
Herreshof burners ; construction, 
387 ; operation, 401 
Main fan, 390 
Operating data, 408 
Oxide shafts ; construction, 388 ; 
conversion affected by gas 
fluctuations, 402; operation, 402 
Plan and elevation (Herreshof 
section), 388 

Platinum chest ; construction, 392 ; 
operation, 405 ; renewal of 
elements, 405 
Preheating system, 391 
Purification system ; acid deposited 
in, 403 ; arsenic (amount of; found 
in, 407 ; arrangement, 390 
Pyrites lump burners ; construction, 
385 ; operation, 398 
“ Superheater,” 392 
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BCannhelm Plant Ironside” only), 
382 

Marsh test for arsenic in oleum, 72 
Mass action, principle of, 79 
Winkler's results opposed to, 10 
Melster, Lucius, and Brllninsr. See 
Hdchst 

Mercuric oxide. Carrier for arsenic, 
*97 

Meter 

for Acid, 274 
for Water, 280 
Mineral Point Zinc Oo., 22 
Mineral wool. See Slag wool 
Mists 

Formation, 206 

See also Sulphuric acid mist, 
Ammonium chloride mist 
Molybdenum - iron alloy; contact- 
mass, 123 
Muldener Works 

Experiments at; early work, 16; 
with silica contact - mass, 7 ; 
Winkler's process used, 13 

New Jersey Zinc Oo., 22 
Nickel sulphate as catalyst, 125 
Nitre cake. Dehydration of, 40 
Nitric acid. Compound witli SO3, 35 
Mixture with oleum or acid to lower 
freezing-point, 339, 343 
Nitro- cotton manufacture. Acid 
production, flow-sheet, 294 
Nitrogen. Effect in gas equilibrium, 8^) 
Nitro-glycerine manufacture. Acid 
production, flow-sheet, 294 
Nobel's Explosives Co., 31 
Mannheim Plant, 380 
Tentelew Plant, 350, 380 
Nordhausen Process. Description, 
24 ; history, 23 ; yield, 26 

Occlusion of hydrogen by palladium, 
114 

Oil filter. Tentelew Plant, 364, 376 
Old Hickory Plant (U.S.), 138 
Oldbury (H.M.) Factory, 381 
Oleum 

Analysis; arsenic estimation, 
72 ; free trioxide (direct) 
determination, Howard's 
method, 67, plant method, 
68, titration with water, 71, 
titration with sulphuric acid, 
71; total acidity determina- 
tion, weighing in glass bulbs, 


Oleum — continued, 

62, 64, in the Lunge pipette, 

63, Finch's method, 65, effect 
of nitrous acid, 66 

Boiling-point, 50 
“ Breaking-down ” ; method, 
281 ; thermal data and calcu- 
lations, 255, 258 
Composition tables ; ^equiva- 
lent free and total SO3, 67 ; 
of equivalent H2SO4 and 
803,41,42 

Corrosion ; of iron and steel, 

58,^59 

Density. See Oleum. Specific 
gravity 

Dilution. .S*^^ Oleum. Break- 
ing down 

Distillation ; by heat from con- 
verter gas, 288 ; in stills, 43 
Electric conductivity, 53 
Melting-point, 47 ; addition of 
nitric acid to lower, 35, 339 
Heat of solution, 56 
with High percentage of trioxide, 
43» 289 

Mixture with sulphuric acid ; 
calculation chart, 42 ; thermal 
data and calculations, 255- 
258 

Production ; by Badische, 19, 
21 

Sampling, 61, 66 
Specific gravities, 45, 46, 47 
Specific heat, 50 
Vapour pressure, 50, 52 
Viscosity, 55 
Oleum (20 per cent.) 

Production ; absorption system for, 
27 1 ; from water feed, 280 
Oleum Plant 

Function of, in explosives works, 
293 

See also Grillo Plant, Mannheim 
Plant, Tentelew Plant 
Oxygen partial pressure 
Effect \ on gas equilibrium, 83 ; on 
velocity of reaction, 94 
OBone ; oxidation of SO^ by, 29 

Palladium 

Adsorption of hydrogen, 113 
Catalytic power; comparison with 
platinum, 123 

Poisoning of ; by hydrogen sulphide, 
113 ; by lead, 114 
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Palladium black, 107 
Pembrey Plant, 350, 371 
PeroentafiTC conversion. See Con- 
version ( Vte/d) 

Persolphurio anhydride. Formation, 
29 

Phosphoric acid 
as Carrier of arsenic, 197 
as Contact-mass, on asbestos, 125 
Photostationary state, 102 
Phthallc acid. Manufacture, 88, 109, 
122 

Plpe-Jolntin£r. Rust-joint, 174 
Platinised asbestos 
Life of, 129 

Platinum percentage in, 126 
See also Mannheim contact mats, 
Tentelew contact-mass 
Platinum 

Adsorption of SO3 by, 108 
Amount required \ for converters 
in series, 169 ; in Grillo Plant 
(D.E.S.), 310; in Mannheim 
Plant, 394 ; in Tentelew Plant, 
366 ; in various plants, 91 
Catalysis by ; in comparison with 
other cases, 76, 77 ; discovery 
of, 2 ; effect of water vapour, 
III; temperature coefficient of, 
108 

as Catalyst ; pitting of, 107 

Catalytic activity ; is abnormally 
high at first, no, 148 ; amount 
of gas converted, 91, 126 
as Contact-mass ; in mixture with 
metallic oxides, 202 
Loss as chloride ; in chlorine- 
bearing atmosphere, 202 
Oxides of ; supposed catalysts, 
'PS . 

Poisoning ; amount of arsenic 
necessary (Mannheim mats), 
407 ; first record, 12. See also 
Oatalyst Poisons 
Purification ; ^material recovered 
from Grillo contact-mass, 142 
Recovery ; from Grillo contact- 
mass, 140 ; loss in recovering, 
145 ; from U.S. War plants, 

144 

Revivification. ^^^^Ckmtaot-mass; 
Revivification in Converter. 
ChriUo contact - mass. Re- 
vivification 

Separation of ; from iridium, 

143 


Porcelain as catalyst, 77, 90, 104 
PolBonlnff. See Catalyst poisoning 
Potassium pyrosulphate 
Heat of formation, 39 
Preparation and properties, 39 
Potassium hydrogen pyrosulphate, 
39 

Potassium sulphate. Heat of reaction 
with SO3, 39 
Preheater (Fired) 

Field tube type ; Tentelew “super- 
heater,” 36^ 377 
Heating area ; (3 cases), 177 
Oil burning, 176 

Pistol pipes ; Mannheim super- 
heater, 392 

Suspended U-tube type ; faucet- 
jointed, 174; flange-jointed, 176, 
310 

Vertical flanged pipes ; Mannheim 
superheater, 392 
See also under various plants 
Pressure. Effect on gas equilibrium, 

79. 87 

Pressure equaliser on Grillo plant, 
306 

Pumice as catalyst carrier, 120 
Pump. See Acid Pump 
Purification of burner-gas. See Gas- 
purlficatlon 

Purification system. Factors decid- 
ing concentration of acid de- 
posited in, 210 

Pyrites. Heat of combustion, 195 
Pyrites burners 

Lump kilns ; Mannheim Plant, 385, 
398 ; working tools for, 400 
Rotary type ; Herreshof pattern, 
387, 401 : Lurgi pattern, 352 ; 
Moritz pattern, 345 
See also Herreshof burners 
Pyrites cinders 
as Contact-mass ; invention, 7 
as Catalyst ; superiority to artificial 
oxide, 116 

as Catalyst-carrier for platinum, 
1 19 

See also Ferric oxide. Contact- 
mass 

Pyrosulphates. See Sodium and 
Potassium pyrosulphate 
PyrosulphTiric acid 
Heat of solution, 38 
Physical properties, 38 
Preparation, 38, 39 
Reaction, 38, 39 
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Qoarta 

as Packing ; for absorption tower, 
267, 313 ; for filter, 227 
Queen’s Ferry Plant, 291 


Rare earths as contact-mass, 1 2 5 
Regenerative operation of conver- 
sion system. See Oonversion 
system 

Reich test. See Conversion test 
Revlvlfioation of contact-mass. See 
Contact - mass, Grlllo contact- 
mass, Mannheim contact mats 
Rhenania Works, 1 7 
Rhodium as catalyst, 123 
Rust-Joint for preheater pipes, 174 


Sawdust as filter-packing, 232 
Scrubber 

Centrifugal, 233 
Lead pipe coiled, 235 
See also Gas-washer, Scrubbing 
towers 

Scrubbing liquids, 233, 237, 238 
Scrubbing towers 

Acid mist removal by sulphuric 
acid, 234 

as Coolers for burner-gas ; Dalton 
(original plant), 345 ; Duron and 
Hartmann, 226 ; Grillo Plant, 
336 ; Herreshof, 226 ; Rabe’s 
system 

Grillo system, 234, 303 

Selenium 

as Contact-mass, 125 
as Catalyst poison, 112, 203 
Detection and estimation, 203 

Sight box. See Acid sight box 
SUica 

as Catalyst, 104 
as Contact-mass ; patent, 7 
Silicon fluoride as catalyst poison, 
1 12, 129, 196 

Silver alloys as contact-mass, 124 
Silver vanadate as contact-mass, 122 
Silvertown Works. Early experi- 
ments at, 12 

Slmon-Oarvds Co. Oleum Plants, 
344 , 347 

Sintering of catalytic substances, 1 10 
Slag sand 

Composition, 391 
as Filter-packing, 227, 228, 391 
Slag wool as filter-packing, 337, 341 


Sodium bisulphate 

Pyrosulphate obtained from, 38-40 
Sulphur trioxide obtained from 
(early), 27 

Sodium chloride. Effect as impurity 
in magnesium sulphate, 131 
Sodium pyrosulphate, 39 
Spent oxide. Utilisation for Contact 
Process, 88 

Starck, J. D. (firm), 23 

Starting up; Tentelew converter, 

367-377 

Staveley Iron and Steel Co., 381 
Steel. Corrosion by oleum, 58 
Strontium oxide as contact-mass, 1 19 
Sublimation of sulphur. See 
Sulphur 

Sugar. U se in making Grillo contact- 
mass, 130, 140 
Sulphur 

as Catalyst poison, 112 
Combustion gives SO3, 29 
Heat of combustion, 31, 195 
Louisianian ; asphaltic matter in, 
341 ; replacement of pyrites 

by, 339 

Sublimation ; cleaning of 

burners, 321 ; filters arranged 
to deal with, 228, 300 ; from 
pan-burners, 295. See also Sul- 
phur mist 

Use in contact process ; advan- 
tages, 290 

Sulphur burners 

Pan type ; fluctuations in gas 
composition, 322 ; Grillo Plant 
(D.E.S.), 295 

Rotary type ; Glen Falls pattern, 
336 ; Trembles and Pauli 
pattern, 339 

Sulphur dioxide 

Decomposition ; dy electric sparks, 
28 ; heat, 29 ; d}' light, 28 
Estimation ; Reich method, 184-189 
Formation from SO3 by heat, 77 
Oxidation. See Conversion, Gas 
reaction. Gas equilibrium. Heat 
of reaction. Velocity of reaction 
Solubility in sulphuric acid, 242, 

247 

Specific heat, 195 

Sulphur dioxide - oxygen mixture. 
See Gas mixture, Burner gas, 
etc. 

Sulphur dioxide - oxygen reaction. 
See Gas reaction, etc. 
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Solphor mist. Badische experi- 
ments, 199 
Sulphur trloxide 

Absorption by sulphuric acid. See 
Absorption of sulphur trloxide 
Adsorption by platinum, 108 
Compound with nitric anhydride, 
35 

Condensation of vapour, 1 1 
Dissociation ; by heat, 77 ; by ultra- 
violet light, 102 

Estimation in oleum ; thermal 
method, 67 ; by titration with 
sulphuric acid, 71 ; by titration 
with water, 71 ; as total acidity, 
61 

Formation ; from sulphur by com- 
bustion, 29 ; from sulphur com- 
pounds by combustion ; from 
sulphur dioxide by action of heat, 
29, of light, 28, of spark discharge, 
28 ; from sulphur dioxide-oxygen 
mixture by spark discharge, 28 
Heat of formation, 31, 97. See also 
Heat of reaction 

Manufacture from bisulphates (early 
work), 27 

Polymerism ; a and ^ modifica- 
tions, 32 ; other modifications, 
34 ; theory of, 30, 32 
Reaction ; with ferric oxide, 106 ; 
w/M oxides, 35 ; phosphorus 
and its compounds, 35 ; with 
potassium sulphate, 39 ; with 
sulphur and selenium, 35 
Sampling, 61 
Specific heat, 195 

See also Sulphur trloxide (a). Sul- 
phur trloxide {fi) 

Sulphur trloxide (a) 

Boiling-point, 30 
Critical constants, 31 
Density, 30. See also Oleum. 
Specific gravity 

Heat of reaction with water, 32 
Latent heat ; of fusion, 32, 56 ; of 
vaporisation, 32 
Melting, 30 

Preparation of pure material, 30 
Specific heat, 31 
Trouton^s constant, 31 
Vapour pressure, 30. See also 
Oletun. Vapour pressure 
Sulphur trloxide (i?) 

Density, 33 
Formation, 32, 33 


Sulphuric acid 
Arsenic in ; estimation, 72 
Composition ; tables of equivalent 
H2SO4 and SO3, 42 
Concentration ; in burner - gas 
scrubbers, 226 ; by oleum plant 
as a whole, 294 

Decomposition Process of oleum 
manufacture, 10 ; plant for, 14 
Deposition in purification system ; 
amounts found at various points, 
325, 403 ; factors influencing con- 
centration of deposit, 210 
Dissociation of pure substance at 
low temperature, 71, 252 
Heat of formation, 32 
Mixture with oleum ; calculating 
chart, 42 ; thermal data and 
calculations, 255, 258 
Production for gas-drying, 241 
Solubility of sulphur dioxide in, 242, 
247 

Vapour pressure (of water) ; con- 
nection with strength of acid 
deposited in filters, 208, 209 ; 
Sorers data, 247 

Vapour pressure (of H2SO4), 207 
Sulphuric acid (98 per cent.) 

Absorption of sulphuric acid mist, 
208 

Absorption of sulphur trioxide ; 

Sackur^s explanation, 252 
Physical properties, 252 
I^roduction ; absorption system for, 
281 

Sulphuric acid mist 

Absorption ; sulphuric acid, 234 ; 
by sulphuric acid (88 per cent.), 
208 

Comparison with ammonium 
chloride mist, 208 

Electrical precipitation. See 
Hlectrloal mist precipitation 
Estimation ; as total moisture, 212 ; 

as water and H^SO^, 212 
Formation ; in converter-gas by 
rapid cooling, 285 ; in burner-gas, 
207 

Function of ; Badische experiments, 
198 

Precipitation ; effect of rapid cool- 
ing, 195 ; by gas-blower, 307, 403 
Removal of ; by hot coke, 244 
Size of particles, 208 
Stability, 209 
Tests for, 211 
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Superheater. See Preheater (Fired) 

Support for catalyst. See Catalyst 
carrier 

Tantalum group of metals as contact- 
mass, 125 

Tellurium as contact-mass (mixture 
with selenium), 125 

Tellurium compoimds as catalyst 
poisons, 112, 203 

Tentelew contact-mass ; platinum 
percentage, 126, 366 

Tentelew Plant (Modem type) 
Absorbers, 369 

Absorption system ; auxiliary ab- 
sorber, 362, 370 ; operation, 370 
Blower, 364 

Burner-gas cooler, 355 ; later 
design, 357 
Control, 370 

Conversion system ; operation, 367 
Converter ; arrangement of mass 
in, 366 ; construction, 365 
Drying tower ; cleaning, 361 ; con- 
struction, 362 
Dust chamber, 354 
Efficiency, 371 

Filters ; cleaning, 359 ; construc- 
tion, 357 

Heat-exchanger; construction, 364 ; 

thermal data for, 181 
Plan, 353 

Preheater (fired), “superheater,” 
366 

Prewasher, 359 
Pyrites burners, 352 
Wash tower, 359 

Tentelew Plant (older type) 
Absorption system, 378 
Burner-gas cooler, 372 
Compressor, 375 

Conversion system ; connections, 
377 ; starting up, 377 
Diagram of connections, 373 
Drying towers, 374 
Efficiency, 379 
Filters, 372 
Wash tower, 372 
Working data, 379 

Tentelew Process 

Contrasted with Badische, 350 
General features, 350 
Origin, 21, 348 

Plants in various countries, 349, 350 

Thann Works, 13 


Thermal Insulation 

/2/^Grillo converter, 312 

Dependence of conversion on, 180 
^Heat exchanger, 179 
Tungsten trioxide as catalyst, 1 20 

Ultra-violet lisht 
Catalysis by, 112 
Effect on gas equilibrium, loi 
UmbofiTintwini Works, 38 1 
United Alkali Co. 

Simon-Carves Plant, 344 
Mannheim Plant, 381 
United States. Oleum Plants in, 22 
United States Government. Oleum 
Plant. See Grille Plant (Nitro 
U.S.) 

United States Naval Proving Ground. 
Oleum Plant. See Grille Plant 
(Indian Head U.S.) 

Uranium sulphate as catalyst 

Valve. See Acid valve. Gas lute 
Vanadates as contact-mass, 122 
See also Silver vanadate 
Vanadium oxide 

as Catalyst ; comparison with ferric 
oxide, 120; conversion given 
by, 120 

as Contact-mass ; mixture with iron 
compounds, 121 ; preparation, 
on asbestos, 120; on kieselguhr, 
122; on pumice, 120; prepara- 
tion by preliminary heating, 122 
Sintering of, no, 121, 122 
Velocity of reaction 

Dependence on temperature, 89, 
108, 109 

Determination, 92 
Effect ; of adsorption by platinum, 
\o^\ of oxygen partial pressure, 
94, 108 

Investigation by Bodenstein and 
Fink, 94 

Knietsch’s experiments, 89 

Water 

as Catalyst poison ;/br arsenic pent- 
oxide, 1 18; for ferric oxide, 
1 15, 402 

Effect of traces on gas reaction 
III 

Water feed . See Absorption system. 
Water feed 
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